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Highlights
® Smart packaging technology enables real-time freshness monitoring
® Antimicrobial films help extend meat shelf life

® Eco-friendly packaging films reduce plastic waste

Abstract

Meat is a crucial protein source but is highly perishable. The development of advanced
packaging technologies to extend its shelf life is therefore essential. This article discusses
innovative packaging films that play a vital role in the food industry, including smart packaging
films, which can detect and indicate meat freshness through color changes; antimicrobial films,
which inhibit the growth of spoilage microorganisms; and biodegradable and edible films,
which decompose naturally to reduce plastic waste. These technologies not only help
preserve meat quality for longer periods but also align with the principles of a circular
economy and environmental sustainability. This article explores emerging trends in food
packaging and practical applications for the meat industry to enhance product safety, reduce

food waste, and support eco-friendly initiatives.

Keywords: Smart Packaging Films, Antimicrobial Films, Biodegradable Films, Meat Shelf Life

Extension, Food Packaging Innovation
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Highlights
® Advantages of chia seeds and chia seed mucilage
® The procedure for extracting mucilage from chia seeds

® Utilizing chia seed mucilage in food products

Abstract

At present, people are increasingly concerned about their health, resulting in a rising
trend of selecting foods free of artificial additives, while favoring natural components or
additives instead. Mucilage, a natural component, is gaining recognition for its potential to
replace various ingredients in foods, thereby reducing consumption without compromising
texture and flavor. Various plants, including chia seeds (Salvia hispanica L.), serve as sources
of mucilage. Chia seeds are highly nutritious and rich in beneficial elements such as
antioxidants and healthy fats, which contribute to enhancing bone density, reducing the risk

of cardiovascular diseases, and delay the onset of certain diseases. This article explores the
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properties and advantages of chia seeds and mucilage, along with methods for extracting and

utilizing it.

Keywords: chia seed, mucilage, extraction, application
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Table 1 Nutrition facts of chia seed 100 g

Typical value Contains Unit
Calories 486.00 kcal
Total carbohydrate 42.12 g
Fiber 34.40 g
Protein 16.54 g
Total fat 30.74 g
Cholesterol nd mg
Vitamin
Folates 49.00 g
Niacin 8.83 mg
Riboflavin 0.17 mg
Thiamin 0.62 mg
Vitamin A 54.00 U
Vitamin C 1.60 mg
Vitamin E 0.50 mg
Mineral
Sodium 16.00 mg
Potassium 407.00 mg
Calcium 631.00 mg
Copper 0.92 mg
Iron 7.72 mg
Magnesium 335 mg
Phosphorus 860.00 Mg
Selenium 55.20 pe
Zinc 4.58 Mg
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Table 2 Percentage of chia seed mucilage yield from different extraction method

Type of extraction Yield
method Method (Yow/n) Reference
Aqueous extraction Seed:water (1:15 w/v) soaked for 30 minutes; 21.45 (25)
blended; heated at 80 °C with continuous
stirring for 2 hours; precipitate with ethanol.
Seed:water (1:40 w/v) stirred for 2 hours at 125 3.72-5.23 (7
rom. Obtain mucilage by vacuum filtration and
centrifugation; drying and lyophilized.
Ultrasound assisted Seed:water (1:30 w/v) stirred for 3 hours; 2.34 - 3.68 (26)
extraction sonicated at 500 W, 20 kHz, amplitude of 40%
with pulse of 2s on and 3s off; centrifuged at
4 °C, 18,000 rpm; drying with freeze-dryer.
Seed:water (1:30 w/w) heating at 50 — 80 °C with 6.92 — (27)
ultrasound assistance (400 W, 2kHz, amplitude 10.52
of 40% with pulse of 1s on and 1s off) for 30 -
60 minutes; precipitate with ethanol.
Microwave-assisted Seed:water (1:40 w/V); Heated in 2.45 GHz 8.00 (23)

extraction

microwave oven at 1.3 W/gm for 15 minutes

until reaches 80 °C; stirred in the room

temperature for 30 minutes; dying with tray

dryer at 50 °C for 12 — 14 hours. Separate

mucilage from chia seed by rubbing through 40

mm mesh screen
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Highlight
® Extends milk shelf life to 21-45 days while preserving flavor, color, and nutritional
quality.

® Effectively reduces microbial and spore counts, slowing spoilage.

Abstract

Milk is a nutrient-rich food product but is highly perishable due to microbial contamination.
Although conventional pasteurization effectively inactives pathogenic microorganisms, it has
limitations in shelf life typically not exceeding 10 days and is susceptible to post-processing
contamination. To overcome these limitations, Extended Shelf-Life (ESL) technology has been
developed to significantly prolong milk's refrigerated shelf life while maintaining its fresh-like quality.
This article compares conventional pasteurized milk with ESL-treated milk based on research
published between 2010 to 2025, encompassing multiple aspects such as microbiological quality,
shelf life, sensory attributes, nutritional value, production costs, and consumer acceptance. The
findings reveal that ESL technology effectively reduces initial microbial load, enabling milk to be
stored under refrigeration for 21-45 days without significant deterioration in taste or nutrition.
Moreover, consumer studies indicate high satisfaction and growing acceptance of ESL milk products.

Nevertheless, the primary challege associated with ESL technology is ensuring stringent hysgienic and
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aseptic during packaging to prevent recontamination. Accordingly, this review highlishts ESL
technology as a straegie option for industrial dairy products to improve competitiveness, optimize
cost efficiency, and effectively respond to the evolving expectations of contemporary consumers,.
who increasingly value both convenience and product quality, Extended Shelf-Life (ESL) milk offers
a longer storage duration compared to conventional pasteurized milk. This extended refrigeration
period maintains sensory quality and safety, thereby reducing purchase frequency. Such

characteristics are well aligned with the fast-paced lifestyles of urban consumers.

Keywords: ESL technology, Milk microbiology, Milk quality, Pasteurized milk, Shelf life
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Table 1 Comparison of three ESL milk processing methods

Method

Main principle

Effect on quality / shelf life

Microfiltration (MF)

* Physical removal of
bacteria/spores from milk using
membrane filters (typically 1.4-1.6
Km pore size) before

pasteurizationm'lé)

» Reduces microbial load by 5-6 log cycles,

improving microbiological quality(m

« Extends shelf life to ~20-30 days at 4°C
with minimal effect on flavor and

nutrients >

Bactofugation (BF)

« High-speed centrifugation to
separate and remove bacterial
spores and sediment from raw milk

before heat treatment'®

» Removes ~95-99% of spores, reducing
spoilage risk®*”

« Shelf life can reach 15-25 days; minimal
impact on sensory quality but less effective

on very small bacteria than MF??

High-Heat Short-Time
(HHST)

« Intensive heat treatment slightly

below UHT level to inactivate

most vegetative cells and spores(zm

« Shelf life extended to ~30-45 days at
goC(2021)

» May cause slight cooked/caramel flavor
and minor vitamin loss; most nutrients and

proteins remain stable®”
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Table 2 Comparison of conventional and ESL (HTST) pasteurized milk quality

Factor

Conventional pasteurized milk

ESL milk

1. Microbiological quality

« Eliminates pathogenic
microorganisms but may retain a
small number of heat-resistant
non-pathogens (e.g., spores,
thermoduric bacteria), usually 10—

102 CFU/g, depending on raw milk

« Strong microbial reduction,
often to < detection limit, using
microfiltration (5-6 log cycle
reduction) or HTST with aseptic
filling®”

« Final bacterial count at end of

shelf life varies widely: <1 to 10"~

o -
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Factor

Conventional pasteurized milk

ESL milk

quality and pasteurization
intensity(m

« Under refrigeration,
psychrotolerant Gram-negative
bacteria or Gram-positive spores
can slowly grow, limiting shelf
life'*”

« Post-pasteurization
contamination during
filling/transport is a major
spoilage cause; coliforms or
Pseudomonas spp. are often
detected in improperly stored
milk®’

« Maintains safety within
recommended shelf life, but
quality deteriorates rapidly
beyond that if the cold chain is
broken

« Spoilage signs include sour odor,
curdling due to acids/enzymes

from spores or contaminants

10° CFU/g; 8-15% of products
may spoil before expiry%)

« Spoilage mainly from
psychrotolerant, spore-forming
Gram-positive bacteria such as

Bacillus cereus and Paenibacillus

(24)

spp.
« Strict hygiene and aseptic filling
essential to maintain quality

» Manufacturers often state 21-28
days to ensure safety « Flavor
may be less fresh toward the end
of shelf life; consistent storage at
4°C is critical to prevent rapid

quality loss®”

2. Shelf life at 2-6°C

« Typically 7-10 days under
refrigeration; Thai FDA sets
maximum at 10 days@’?)

« High-quality raw milk under
strict pasteurization may last up
to 14 days, but flavor declines

after 7 days

* Generally 21-30 days under
refrigeration; can extend to 45-90
days internationally with optimal

processing and strict cold chain™?

3. Color, odor and taste

 Mild heat preserves natural
white color and fresh flavor close

to raw milk

» Designed to match flavor of
pasteurized milk by avoiding high-

heat defects®”

-
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Factor

Conventional pasteurized milk

ESL milk

« Slight cooked flavor may be
present but minimal; consumers
generally prefer its taste over
UHT milk

« If stored several days, even
before expiry, aroma/taste may
change slightly (mild rancid or
sour notes) due to

enzymatic/microbial activity

« Sensory tests: experts rate
pasteurized slightly higher, but
average consumers rarely notice
differences®”

» Some high-temp ESL processes
can cause mild cooked/caramel
notes; minimized by short heating
times or vacuum-based heating

systems(zg)

4. Nutritional value

+ Minor loss (0-5%) of heat-
sensitive vitamins B and C%”

* Proteins and amino acids largely
preserved, with only sligsht whey
protein denaturation

« Lactose, minerals, and fat
remain unchanged

« Retains nearly full nutritional
value of raw milk and is superior
to UHT/sterilized milk, which may
lose up to 20% of certain

vitamins

« Slightly higher vitamin losses (5-
10%) due to higher temperatures
or additional treatments, but still
negligible in nutritional impactm)

« Vitamins C and B2 may gradually
degrade during storage due to
oxidation

« Protein, fat, lactose, and mineral
content similar to pasteurized
milk; slight beta-lactoglobulin
denaturation may improve

14,27)

digestibility'

5. Production cost

« Standardized process with
moderate equipment and energy
needs

« Short shelf life increases need
for frequent cold-chain delivery
and raises spoilage risk if unsold
stock remains

« Total unit cost depends on
efficient logistics and sales

turnover

» Requires investment in
advanced systems: microfiltration,
rapid heating/cooling, aseptic
packaging, and stricter Qc'?

« Initially higher costs; decline
with wider adoption and higher
volumes

« Longer shelf life reduces
delivery frequency and spoilage,
offsetting higher processing costs

over the distribution cycle

-
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Factor

Conventional pasteurized milk

ESL milk

6. Consumer acceptance

« Highly accepted for its fresh
taste and natural quality

» Main drawback: short shelf life
requiring frequent purchases

« Still widely preferred by
consumers despite storage

inconvenience

« Nearly identical taste and
nutrition to pasteurized milk®”

« Appreciated for longer shelf life
and reduced purchase
frequency(zg)

» Some consumer confusion

between ESL and pasteurized

milk due to similar packaging;

2-7,30)

clear labeling recommended'
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Figure 1

OPERATING EXPENDITURES
COMPARISON: ESL VS HTST
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Figure 1 Operating expenditures comparison: ESL vs HTST

= -




NIANTIBUAERAUWART TS UN 55 atudl 2 n.A. - 5.0 2568

2
# Journal of Food Research and Product Development Vol. 55 No. 2 Jul - Dec 2025

Anuienelaveusinasenan iy
ESL lnannsnegluseauia {uilaalasu
AAINULT UnUlUs99 N UL NI es L5d
gj a % v = 1 a dy
aufunazdalamnugangulunisusloaunauy
' 2 a ~ = v |
9e19l3A ArsinsdeanItoyauuRaINeyid
FaLauneIfunszuIuNITHEAS (W seyIndu
YUNALIDS bsdvTa ESL) Lilea519mnu e
gndediavasieanuiulaunguilnalulseine
lny mirsaumdugualanivuaneiiite
Jo9nUNIShanIa1ny vt lal e U
) 1 dl I3 a v} 1 Y a 1
AvuaIuuen Ui e 10 TuluTiisenan
“yulaaaniaaastsa”? faduldiiiesnwd

WnsIUAUAMLazAULUS A

unasy
YUNALIDS LSANNIUUTANTSUNY 889

91815 uSnwIlANITUIUNTS Extended

(% [3

Shelf Life (ESL) 1OUNEAS a7 A nIN 1

q

LONE1591999

o

1. AuddInTeeiiiognavnIsuems. dunlwaiandndusiuaniounu U 2565 [Internet]. NTUNNY: gRaMNIsURAUIYATITN

A1UAIINUABAA ENIIDINTT ANA TN

TAYUINTT AZSEAYH LBgUNUNISNIALRDS

[
a o

¢ & & & c 1
SALUUA AN Anan niid oussluvunes

—

ANER (AANTTaydelarvengnann) SIuAUan
(Uimsafonliieiu) uazduilaa (s3uany
azaanuaznAns i asauanlduiuiu)
ae3l3Ad nsuunalle ESL unldResendenis
AINULATAITAIVANANAINDY1LATIATA
W UTENoUN15AITUTEITUAIINA LA LTS
LATYFANANS LAY TANTUIAIIUNTOUTVDINAA
HuslaAAIUAiv
lusuaneadniswamunalulad ESL
nad 9 1w n1sudsguateusanuaa (High

s

Pressure Processing, HPP) NI NANANAd

=

auruluiin (Pulsed Electric Field, PEF)?® 7
annsadnogduilalaglisesldninuseou o
szidudnianianid s uraulalunisinu

AMANYBIUNAA LY IUUBTY

an o

an1Uue1ms; 2565 [cited 2025 Jan 4]. Available from: https://fic.nfi.or.th/market-intelligence-detail.php?smid=381.

2. W Baas. ee.Usgniaundeny “unla” wagn1suandaain [Internet]. N34MN: MGR Online; 2555 [cited

2025 Feb 3]. Available from: https://mgronline.com/qol/detail/9550000068667#google vignette.

3. NIENINAITITUHY [Internet]. uqu?: N38NIIIANG1TUY; 2556 [cited 2025 Feb 3]. Available from:

https://food.fda.moph.go.th/media.php?id=509375447746879488&name=P350.PDF.

4. NIELNIIAITITUHY [Internet]. uqu?: N38NIIIANG1TUY; 2556 [cited 2025 Feb 3]. Available from:

https://food.fda.moph.go.th/media.php?id=509375811715997696&name=P351.pdf.

m -


https://fic.nfi.or.th/market-intelligence-detail.php?smid=381
https://mgronline.com/qol/detail/9550000068667#google_vignette
https://food.fda.moph.go.th/media.php?id=509375447746879488&name=P350.PDF
https://food.fda.moph.go.th/media.php?id=509375811715997696&name=P351.pdf

NseITeuarianndnfusionns 97 55 atuil 2 na. - 5.0, 2568
# Journal of Food Research and Product Development Vol. 55 No. 2 Jul - Dec 2025

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

NTENTIIANTITUFY [Internet]. uqu?: NI8NIIIAG1TUY; 2556 [cited 2025 Feb 3]. Available from:
https://food.fda.moph.go.th/media.php?id=509376140427796480&name=P352.pdf.
NTENTIIANTITUFY [Internet]. uqu%‘: N38NTIIAIG15UHY; 2556 [cited 2025 Aug 1]. Available from:
https://food.fda.moph.go.th/media.php?id=509424399909265408&name=P406.PDF.
NTENTIIANTITUFY [Internet]. uqu%‘: N38NIIIAG15UdY; 2556 [cited 2025 Aug 1]. Available from:
https://food.fda.moph.go.th/media.php?id=509425148210847744&name=P408.PDF.

Tamime AY. Milk Processing and Quality Management. Oxford: Wiley-Blackwell; 2009. p. 215-30.

Walstra P, Wouters JTM, Geurts TJ. Dairy Science and Technology. 2nd ed. Boca Raton: CRC Press; 2006. p. 461-78.

Gaya P, Sanchez J, Medina M, Nunez M. Accelerated shelf-life testing of ESL milk. Food Control. 2021;121:107-140.
Schleicher A, Leitner M, Loibner A, Krewinkel M, Hinrichs J. Influence of processing and storage on the quality of ESL milk.
Int Dairy J. 2018;85:200-8.

Datta N, Deeth HC. Ultra-high-temperature treatment of milk and dairy products. Dairy Sci Technol. 2003;83(6):657-72.
Deeth H. Optimum thermal processing for extended shelf-life (ESL) milk. Foods. 2017;6(11):102.

M&E Trading. What is ESL milk? A comprehensive guide [Internet]. Germany: Machinery and Equipment Trading;
2019 [cited 2025 Feb 10]. Available from: https://me-trading.de/what-is-esl-milk-a-comprehensive-
guide/#:~:text=This%20fact%20made%20the%20fresh,product%20that%20ESL%20milk%C2%A0was%20before.
Saboya LV, Maubois JL. Current developments of microfiltration technology in the dairy industry. Lait. 2000;80(6):541-53.
Serra M, Trujillo AJ, Guamis B, Ferragut V. Evaluation of physical properties during storage of set and stirred yogurts made
from ultra-high pressure homogenization-treated milk. Food Hydrocoll. 2009;23(1):82-91.

Laws B, Tamime AY. Heat treatment of milk. In: Tamime AY, editor. Milk Processing and Quality Management. Oxford:
Wiley-Blackwell; 2009. p. 88-118.

Driehuis F, de Jong P. Bactofugation of milk: Process efficiency and effect on the microbiological quality of raw milk. Neth
Milk Dairy J. 1988;42:211-21.

Griffiths MW, Phillips JD, Muir DD. The effect of bactofugation on the shelf life of pasteurized milk. J Soc Dairy Technol.
1981;34(2):57-60.

Datta N, Deeth HC. High temperature short time and ultra-high temperature milk. In: Sun DW, editor. Emerging Dairy
Processing Technologies. Cambridge: Elsevier; 2006. p. 1-38.

Kelly AL, Foley J. Proteolysis and storage stability of UHT milk—a review. Int J Dairy Technol. 1997;50(2):59-64.

Lund MN, Ray CA. Control of Maillard reactions in foods: Strategies and chemical mechanisms. J Agric Food Chem.
2017,65(23):4537-52.

Schmidt VSJ, Kaufmann V, Kulozik U, Scherer S, Wenning M. Microbial biodiversity, quality and shelf life of microfiltered
and pasteurized extended shelf life (ESL) milk from Germany, Austria and Switzerland. Int J Food Microbiol. 2012;154(1—
2):1-9.

Doll EV, Scherer S, Wenning M. Spoilage of microfiltered and pasteurized extended shelf life milk is mainly induced by

psychrotolerant spore-forming bacteria that often originate from recontamination. Front Microbiol. 2017;8:135.

= -


https://food.fda.moph.go.th/media.php?id=509376140427796480&name=P352.pdf
https://food.fda.moph.go.th/media.php?id=509424399909265408&name=P406.PDF
https://food.fda.moph.go.th/media.php?id=509425148210847744&name=P408.PDF
https://me-trading.de/what-is-esl-milk-a-comprehensive-guide/#:%7E:text=This%20fact%20made%20the%20fresh,product%20that%20ESL%20milk%C2%A0was%20before
https://me-trading.de/what-is-esl-milk-a-comprehensive-guide/#:%7E:text=This%20fact%20made%20the%20fresh,product%20that%20ESL%20milk%C2%A0was%20before

NseITeuarianndnfusionns 97 55 atuil 2 na. - 5.0, 2568
# Journal of Food Research and Product Development Vol. 55 No. 2 Jul - Dec 2025

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Plaksanguansri C. Change in microbial count of pasteurized milk stored for various times. Agric Nat Resour [Internet]. 1991
Mar 31 [cited 2025 Feb 5]. Available from: https://li01.tci-thaijo.org/index.php/anres/article/view/24190410.

Wirjantoro TI, Phianmongkhol A, Potivas T, Na Chiangmai Y. The impact of raw milk quality, particularly thermoduric, and
storage temperatures on the keeping quality of pasteurized milk. CMU J Nat Sci. 2022;21(4):e2022056.

Buckenhtskes HJ. ESL milk production [Internet]. Frankfurt: Deutsche Landwirtschafts-Gesellschaft
(DLG) - German Agricultural Society; 2014 [cited 2025 Feb 10]. Available from:
https://www.dlg.org/fileadmin/downloads/Expertenwissen/ernaehrung/e_2014_4 Expertenwissen_E
SL.pdf#:~:text=fresh%20milk%20causes%20up%20to,which%20yielded%20the%20same%20results.
Inyad ¥aames. Yodun(an) wuuiwesdy [Internetl. ngaLnn: 2a1a 0 2568 [cited 2025 Feb 10]. Available from:
https://chaladsue.com/article/103.

Schroeter C, Nicholson CF, Meloy MG. Consumer valuation of organic and conventional milk: Does shelf life matter? J
Food Distrib Res. 2016;47(3):118-33.

Ugun aeeassaned. unanwiaaelsd lidenwlv (neudl 2) intemnet]. ngatmm=: wmue.com; 2555 [cited 2025 Feb 14].
Available from:
https://haamor.com/%E0%B8%99%E0%B8%A1%E0%B8%AA%EN%B8%I4%E0%BE%IEWEN%BE%B2%E0%B8%AA%EN%B
9%80%E0%B8%88%E0%B8%AD%E0%BI%84%E0%B8%A3%E0%B8%8B%E0%B9%8C-
%E0%B9%849%E0%B8%94%E0%B9I%89%E0%B8%99%E0%B8%BA%E0%BE%A2%E0%BE%B2%E0%B8%A1%E0%BI%83%
E0%B8%AB%E0%B8%A1%E0%B9%88-2.

Ranieri ML, Boor KJ. Bacterial ecology of high-temperature, short-time pasteurized milk. J Dairy Sci. 2009;92(10):4833-40.
Tomasula PM, Munro G, Parris N, et al. Pilot-scale crossflow microfiltration and pasteurization to remove spores from milk.
J Dairy Sci. 2011;94(5):2427-38.

Ribeiro-Junior JCR, Penna ALB, et al. Effect of bactofugation of raw milk on counts and microbial diversity of psychrotrophs;
and subsequent reports on total counts/spores reduction. J Dairy Sci. 2019;102(10):8826-38.

Ribeiro-Junior JC, et al. Effect of milk bactofugation on the counts and diversity of aerobic spore-forming bacteria. J Dairy

Sci. 2020;103(12):[Epub ahead of print].

m -


https://li01.tci-thaijo.org/index.php/anres/article/view/24190410
https://www.dlg.org/fileadmin/downloads/Expertenwissen/ernaehrung/e_2014_4_Expertenwissen_ESL.pdf#:%7E:text=fresh%20milk%20causes%20up%20to,which%20yielded%20the%20same%20results
https://www.dlg.org/fileadmin/downloads/Expertenwissen/ernaehrung/e_2014_4_Expertenwissen_ESL.pdf#:%7E:text=fresh%20milk%20causes%20up%20to,which%20yielded%20the%20same%20results
https://chaladsue.com/article/103
https://haamor.com/%E0%B8%99%E0%B8%A1%E0%B8%AA%E0%B8%94%E0%B8%9E%E0%B8%B2%E0%B8%AA%E0%B9%80%E0%B8%88%E0%B8%AD%E0%B9%84%E0%B8%A3%E0%B8%8B%E0%B9%8C-%E0%B9%84%E0%B8%94%E0%B9%89%E0%B8%99%E0%B8%B4%E0%B8%A2%E0%B8%B2%E0%B8%A1%E0%B9%83%E0%B8%AB%E0%B8%A1%E0%B9%88-2
https://haamor.com/%E0%B8%99%E0%B8%A1%E0%B8%AA%E0%B8%94%E0%B8%9E%E0%B8%B2%E0%B8%AA%E0%B9%80%E0%B8%88%E0%B8%AD%E0%B9%84%E0%B8%A3%E0%B8%8B%E0%B9%8C-%E0%B9%84%E0%B8%94%E0%B9%89%E0%B8%99%E0%B8%B4%E0%B8%A2%E0%B8%B2%E0%B8%A1%E0%B9%83%E0%B8%AB%E0%B8%A1%E0%B9%88-2
https://haamor.com/%E0%B8%99%E0%B8%A1%E0%B8%AA%E0%B8%94%E0%B8%9E%E0%B8%B2%E0%B8%AA%E0%B9%80%E0%B8%88%E0%B8%AD%E0%B9%84%E0%B8%A3%E0%B8%8B%E0%B9%8C-%E0%B9%84%E0%B8%94%E0%B9%89%E0%B8%99%E0%B8%B4%E0%B8%A2%E0%B8%B2%E0%B8%A1%E0%B9%83%E0%B8%AB%E0%B8%A1%E0%B9%88-2
https://haamor.com/%E0%B8%99%E0%B8%A1%E0%B8%AA%E0%B8%94%E0%B8%9E%E0%B8%B2%E0%B8%AA%E0%B9%80%E0%B8%88%E0%B8%AD%E0%B9%84%E0%B8%A3%E0%B8%8B%E0%B9%8C-%E0%B9%84%E0%B8%94%E0%B9%89%E0%B8%99%E0%B8%B4%E0%B8%A2%E0%B8%B2%E0%B8%A1%E0%B9%83%E0%B8%AB%E0%B8%A1%E0%B9%88-2

NIANTIBUAERAUWART TS UN 55 atudl 2 n.A. - 5.0 2568

74 Journal of Food Research and Product Development Vol. 55 No. 2 Jul - Dec 2025

Tnguinisusdugrivunumuasiugnssulunisinnislsnau

LATANIZUNIUDANTULASY

174
algdl AneU R
dhalaguinisuasgunn
A0UUAUATILALHAILNARTUIND NS URTINGRUINYATANERS
dua: ifrmwl@ku.ac.th

%IULiI‘.E) 2 WeuNAU 2568 LLm“ULﬁE) 15 nINIAU 2568 ﬂaU%"ULﬁ.E] 16 n3NHIAN 2568

ALAY
* thuausuwiAnlavuMIuugiysannsteyaiugnssuuasiadloind
*  ANFUNUTIENINIANULANA1IVBIRUENTTUTULARZUARAAUNITNBUANDINBDIMNT Uag
amnudssiemsiAnlsafiiirdesiunnzumivedndulasy

20 v %4 o = (Y aa
i ﬂIMLMUQ’JWNVI’]VIWEJLL@SLL‘U’J‘V]Nﬂ'ﬁWWU’]LW@U?SQﬂ@ﬂﬂUi%@UﬂaUﬂ

UNANELD

<

TsagrunaznMziuniveandulasutdutguiavninseaulani i ud uag 19570159 el

o q

o w 1

HANSENUTIN UGN MKALIATYgNA0e1eiidedAny LT WININITIANISWUUALAYL WU N15AUAY

o

91115 N1598NMAINIY MM wazn1sidn ggniunldiieaiuaNiIninuazanAINEEIY9

[

1552619 9 wekwImamalonadaliaiunsanevausssionnuvainvaievesiadeanizynnala

9 ailusEAnSAm Mgwall Juiauida “Tnvuinsuaiud” Feuaunaudayaniaiugnssusiuiy

[

waluladledind ieafauwininsguaguainiuuiemsyananiiussansnmgadu udiuimilay

[ 1

fifnen gy uidundgyanuvimelunisuszgndlinieedin veludunsiivsivsindeya nis

Uszidiuna uasauvainuanennswanug Ssndudesiammaluladlnduaznisfinwifiufuie

avvayunsilUldasddueuen

AdAgy: Invunisuaug Tnvwiugeans lsaoau Aizwuvadndulasy

annsoRnmuunANUBUleT: https://kuojs.lib.ku.ac.th/index.php/JFRPD as



NIANTIBUAERAUWART TS UN 55 atudl 2 n.A. - 5.0 2568

=74 Journal of Food Research and Product Development Vol. 55 No. 2 Jul - Dec 2025

Precision nutrition and the role of genetics in managing obesity and
metabolic syndrome
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Highlights
® Presents the concept of precision nutrition integrating genetic and multi-omics
data
® The relationship between individual genetic variations and dietary responses, as
well as the associated risk of metabolic syndrome-related diseases
® Highlights challenges and developmental directions for clinical implementation
Abstract
Obesity and metabolic syndrome are rapidly growing global health issues with significant
health and economic impacts. Although traditional management strategies, including dietary
control, physical activity, medication, and surgery, are commonly employed to manage weight
and reduce the risk of comorbidities, these approaches may not effectively address the
diversity of individual-specific factors. Thus, the “precision nutrition” approach, integrating
genetic data and multi-omics technologies, has emerged to provide more personalized and
effective healthcare interventions. Despite its high potential, precision nutrition faces significant
clinical implementation challenges, particularly concerning data collection, outcome
evaluation, and ethnic diversity. Continued technological advancements and further research

are essential to facilitate practical clinical applications in the future.

Keywords: precision nutrition, nutrigenetics, obesity, metabolic syndrome
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Table 1 Gene-diet interactions and obesity traits

Dietary Population number of Reported Outcome
Genes Ref.
components characteristics population relationship and/or traits
Energy MC4R US women 5,724 + Body weight  (15)
Appetite or
FTO, LEP Men with
40 + feeling of (16)
and LEPR overweight
fullness
Carbohydrates PPARG Spanish 313 + BMI (17)
ADBR2 Spanish 313 + Obesity risk (18)
Total fat APOA5 US adults 2,280 - BMI (19)
Mediterranean
APOAS 1,465 + BMI (20)
adults
European and
SFA APOA2 Asian 4,602 + BMI (21)
individuals
BMI and waist
FTO French adults 1,754 + (22)
circumference
Adolescents of
Ethnic BMI and waist
Protein FTO several 1,491 (23)
differences circumference
ethnicities

Note: +, positive association between the SNP (or SNPs); -, negative association between the SNP (or SNPs); SNP, Single-

nucleotide polymorphism; SFA, saturated fatty acid; BMI, body mass index
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Highlights

® A functional yoghurt was developed by incorporating probiotics with Spirulina
platensis to enhance nutritional and health-promoting properties.

® The incorporation of Spirulina enhances probiotic viability and supplies bioactive
compounds with antioxidant and immune-supportive properties.

® The formulated product responds to the rising demand for functional dairy foods
that align with health and wellness trends.

® Promotes the sustainable utilization of natural bioresources in the advancement

of functional food innovation.

Abstract
Yogurt is a widely consumed dairy product globally, distinguished by its substantial

nutritional profile, notably in proteins, calcium, and probiotics that facilitate gastrointestinal

-
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health. The fermentation process, mediated by lactic acid bacteria (LAB), not only enhances
the organoleptic qualities and nutritional content but also improves sensory attributes and
prolongs shelf life. Moreover, the inclusion of Spirulina, a nutrient-rich alga boasting 60— 70%
protein on a dry-weight basis, further contributes bioactive compounds known for their
antioxidant, anti-inflammatory, and immunomodulatory effects. Current research indicates
that spirulina-enriched yogurt not only augments nutritional value but also fosters digestive
health and may contribute to the prevention of chronic non-communicable diseases.
Consequently, integrating Spirulina with probiotics in yogurt embodies a strategic approach for
advancing health-oriented food products, offering both nutritional and economic benefits. This
combination can be utilized in the development of prototype foods with specific functional

properties to address the increasing consumer demand for health-promoting foods.

Keywords: Probiotic yoghurt, Spirulina, Functional foods, Fermentation, Bioactive compounds
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7l wanasieazdensa Table 1

Table 1 Exploring the role of probiotics and lactic acid bacteria in functional fermented

products

Microorganism

Function

Types of products

- Lactobacillus bulgaricus(lé)

- Lactic acid production

- Flavor development

- Yogurt

- Lactobacillus helveticus

- Streptococcus lactis™”

- Proteolysis
- Bioactive peptide production
- Milk acidification

- Fermentation starter

- Swiss cheese
- Yogurt
- Cheese

- Cultured dairy

- Lactobacillus acidophilus - Probiotic

- Bifidobacterium infantis

. .. . (18
- Pediococcus acidilactici™®

- Improves gut health
- Maintains gut health in infants

- Bacteriocin

- Yogurt
- Probiotic drinks

- Infant formula

- Fermented milk

-
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Microorganism

Function

Types of products

- Lactiplantibacillus plam‘arum“g)

- Produces antimicrobial
substances

- Improves nutritional value

- Yogurt

- Fermented milk

- Lactobacillus casel*” - Probiotic - Yogurt
- Enhances digestion - Cheese

- Leuconostoc mesenteroides®” - Produces sour flavor and aroma | - Sour cream
- Organic acids - Butter

- Carbon dioxide (CO,)

- Certain types of cheese

- Bifidobacterium bg‘/'dum(ZZ)

- Probiotic

- Supports the immune system

- Kefir
- Yogurt

- Infant formula

- Bifidobacterium breve®

- Antimicrobial activity

- Modulates gut flora

- Dairy-based probiotic drinks

- Bifidobacterium longum®

- Digestion support reduces

inflammation

- Yogurt

- Functional foods

- Streptococcus thermophilus - Acid production - Yogurt
- Streptococcus cremoris®” - Texture improvement - Cheese
- Flavor and texture - Sour cream
enhancement - Butter milk
- Soft cheese
- Lactococcus lactis subsp. Lactis - Acid production - Cheese

- Casein coagulation

- Fermented milk

- Lactococcus lactis subsp. Cremoris

(26)

- Flavor development

- lactic acid production

- Cheese

- Sour cream

Y
- Enterococcus faecium®”

- Some strains are probiotic

- Dairy probiotics

- Cheese
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Table 2 Integration of probiotics and algal components in functional food products

Lactic acid Bacteria (LAB)

Algae

Food products

Functional properties

Lactobacillus rhamnosus LGG
Lactobacillus reuteri BioGaia
Bifidobacterium animalis
subsp. lactis BB-12

B. longum subsp. longum

BB536

Chondrus crispus
Himanthalia elongata
Laminaria ochroleuca
Palmaria palmata
Porphyra umbilicalis
Ulva lactuca (UL)

Undaria pinnatifida

Fermented milk

Increase the amount

of live probiotic

bacteria®

Lactobacillus brevis LOCK
0944

Chlorella vulgaris

Fermented

soybean drink

High in probiotics,
reduced D-lactic acid,

9
no lactose”

L. plantarum MMB-05
Lacticaseibacillus casei FJAT-

7928

Porphyra yezoensis

seaweed sauce

Incorporate lactic acid,
phenolic compounds,
and antioxidants to
enhance sensory
attributes such as taste
and aroma, while also
serving to inhibit

microbial growth™”

L. casei Lafti L-26 Arthrospira platensis Sourdough Contains antioxidants,
Lactobacillus farciminis Crostini easily digestible
Saccharomyces cerevisiae protein, and increases
nutrients'®”

Lacticaseibacillus rhamnosus | Dunaliella salina Dietary Promotes adhesion of
CCDM 146 supplement probiotics to the

L. rhamnosus, CCDM 466 containing intestinal wall,

Dunaliella
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Lactic acid Bacteria (LAB) Algae

Food products | Functional properties

Lactobacillus delbrueckii
subsp. bulgaricus CCDM 364
L. acidophilus CCDM 151

B. breve CCDM 562

B. longum subsp. infantis
CCDM 232

B. longum subsp. longum
CCDM

B. animalis subsp. (actis
CCDM 93

B. animalis, subsp. (actis BB-

12

salina and antioxidant

probiotics properties.mg)

L. plantarum Dad-13

Arthrospira platensis

Ready-to-drink Protein, dietary fiber,

cereal beverage | low fat, and soluble
with added source®
protein from

seaweed

L. acidophilus
Bifidobacterium spp.

Streptococcus thermophilus | (RB)

C-phycocyanin (C-PC) and

Spirulina residual biomass

Ice cream High in antioxidants

and organotepticmg)
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Table 3 Application of probiotic yosgurt as a core ingredient in developing health and

functional food products

Lactic acid Bacteria (LAB)

Yogurt drying

Application

Functional properties

Lactobacillus

.. . 46
probiotic strains'®”

Probiotic yogurt

Low-fat Probiotic

Sauce

- Increases nutritional value
- reduces fat content in sauce

- promotes gut health

Lactic acid bacteria®”

Probiotic yogurt

Probiotic Fruit

- Enhances health properties

Fermented for

Bakery Products

Jam - reduces sweetness in jam
- promotes digestion
Various LAB strains®® Probiotic yogurt | Probiotic - Enhances dough texture and

fermentation process in bakery

products

L. acidophil us®”

Yogurt with wine
industry by-
products (grape

pomace)

Sustainable

fortified yogurt

- Rich in phenolics
- antidiabetic

- anti-inflammatory potential

Lactobacillus

probiotic strains®”

Probiotic yogurt

Probiotic Bread

- Improves texture
- sensory qualities and shelf life of

bread
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Highlights
® A comprehensive overview of postbiotics is presented, focusing on their composition,
mechanisms of action, and associated health benefits
® The potential applications of postbiotics in the development of future functional food
products are discussed.
® The comparative advantages of postbiotics over probiotics, particularly regarding safety

and stability, are analyzed.

Abstract

In recent years, postbiotics have attracted significant attention in the fields of food and
nutrition as bioactive compounds produced by beneficial microbes, independent of live
microorganisms. Postbiotics consist of various substances, including short-chain fatty acids,
antimicrobial peptides, enzymes, polysaccharides, and inactivated microbial cells. These
compounds play important roles in promoting gut health, boosting immunity, and potentially
improving protein absorption. Due to these functional properties, the food industry has
begun incorporating postbiotics into various product categories such as fermented foods,
plant-based dairy alternatives, and dietary supplements. Compared to prebiotics and
probiotics, postbiotics offer notable advantages in terms of safety and biological stability in

certain applications. This article aims to present knowledge on the types, mechanisms of
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action, benefits, and trends in the application of postbiotics in the food industry, providing

insights for the development of future functional food products.

Keywords: postbiotics, non-viable microbes, fermented food, functional food, gut health
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Concept Date

Bacterial Strains Tested

Main Findings

Paraprobiotics or 2009 Multiple

ghost probiotics

The health benefits of probiotics can be
achieved without the risks related to

administration of a live organism.

2011 Multiple

Propose the new term “paraprobiotics”
to refer to the inactivated microbial cells

or cell fractions.

2016 Lactobacillus

Paraprobiotic Lactobacillus affects
intestinal functionality due to the brain-

gut interaction.

2018 Lactobacillus

L. paracasei MCC1849 improves
resistance to common cold infections in
vulnerable individuals and maintain a

favorable emotional state.

2018 Multiple

Paraprobiotics could be safe alternatives

to probiotics in preterm neonates.

2018 Multiple

Review the effectiveness of
paraprobiotics for the prevention or

treatment of virally-induced infections.
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Concept Date Bacterial Strains Tested Main Findings

Para- 2017 Lactobacillus

psychobiotic

Para-psychobiotic L. gasseri CP2305
regulates stress responses depending on

specific cell component(s).

Metabiotics 2013 Multiple

The concept, function and advantages of

metabiotics.

2020 L. rhamnosus

The isolated probiotic L. rhamnosus MD
14

generated metabiotics exhibiting
antigenotoxic and cytotoxic effects

against colon cancer.

Tyndallized 2016 L. rhamnosus

probiotics

L. rhamnosus IDCC 3201 tyndallizate has

potential for treating atopic dermatitis.

2017 Multiple

Gelatin tannate and tyndallized probiotics
can be used to restore the gut barrier
physiological functions and prevent

dysbiosis.

2019 Multiple

Tyndallized bacteria and purified

components confer probiotic properties.

Bacterial lysates 2018 Multiple

Bacterial lysates minimize the incidence
of recurrent respiratory infections in
children and adults when orally

administrated.
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Highlights:
* NADES are green solvents with low toxicity and biodegradability
* Chemical composition can be tailored for targeted bioactive compound extraction
* Enhances extraction efficiency of valuable compounds from agricultural and food

industry biological waste

Abstract

Natural deep eutectic solvents (NADES) have garnered increasing attention as green
solvents that offer significant advantages over conventional organic solvents, including low
toxicity, biodegradability, and an adaptable chemical composition that can be customized for
extracting various target compounds. Previous studies have demonstrated that NADES
effectively enhance the extraction efficiency of antioxidants, polyphenols, proteins, and
carbohydrates. This article provides a comprehensive overview of the properties, benefits,
limitations, and applications of NADES in the extraction of bioactive compounds from agri-

food industry by-products.

Keywords: Natural deep eutectic solvents, Green extraction, Bioactive compounds, Food

industry by-products
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Table 1 Properties of NADES and common organic solvents

Properties

NADES

Common Organic Solvents

1. Solubility and
Selectivity for

Target Compounds

2. User Safety

3. Environmental

Friendliness

4. Cost of
Production and

Usage

5. Ease of Use

6. Separation from
Extracts and

Reusability

Formulations can be tailored
to specific target compounds;
Suitable for both polar and

non-polar substances.

High safety profile; non-

volatile, non-flammable, and

non-toxic to the human body.

Biodegradable and derived

from natural raw materials.

Made from inexpensive raw
materials like sugars and
organic acids; however, costs
may increase if high purity is

required.

High viscosity; may require
dilution with water or
additional temperature and
stirring; not yet widely

commercialized.

Difficult to separate from
extracts; requires specialized
techniques; has potential for
reuse but needs further

research.

High solubility efficiency,
especially for low to moderately
polar compounds; selectivity is
relatively constant depending on

the type of solvent.

Many are toxic, volatile,
flammable, and may affect the

nervous system or internal organs.

Poor biodegradability; likely to
cause contamination and

environmental pollution.

Generally inexpensive and widely
available, though some types can
be costly, especially at high purity

levels.

Supported by established systems
and technologies for large-scale

industrial use.

Easily evaporated and separated

by distillation; reusable.
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Highlights
® Buckwheat tea made from buckwheat grown in Nan Province, Thailand
® Rich in antioxidants beneficial to health
® Roasting enhances the distinctive aroma of buckwheat tea

® The production process of buckwheat tea is simple and feasible for community level

Abstract

This research aimed to develop a tea product from buckwheat grown in Bo Kluea District,
Nan Province. The study focused on identifying the optimal temperature and time for roasting
buckwheat seeds and examined the roasting time, tea bag weight, and steeping time in hot
water. The results indicated that roasting buckwheat seeds at 180 °C for 20 and 30 minutes
produced better color, aroma, flavor, texture, and overall consumer preference compared to
roasting at 160°C. Consumers favored the sample roasted for 20 minutes with a weight of 5
grams per tea bag and a steeping time of 10 minutes, as it yielded the best color, aroma,
flavor, and tea concentration. The physical analysis of roasted buckwheat showed a light
brown-yellow color. The chemical analysis of the tea made from 5 grams of roasted buckwheat

seeds per 100 milliliters of water revealed an antioxidant content of 0.3d3 mg/100 mg
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and a total flavonoid content of 0.922 mg/ 100 mg, with no caffeine detected. The consumer
acceptance test indicated a moderate level of acceptance by Hedonic 9-point scale method,
with average scores for appearance, color, aroma, flavor, tea concentration, and overall
preference being 6.97, 7.18, 6.92, 7.00, 6.95 and 7.08, respectively. Moreover, 94.74% of
consumers expressed interest in purchasing the tea, suggesting that buckwheat tea has the

potential to be marketed in the future.

Keywords: Buckwheat, Buckwheat tea, Roasting, Antioxidants, Nan province
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Table 1 Sample preparation conditions in the buckwheat tea quality experiment

Sample code Temperature (°C) Time (min)
T160/t20 160 20
T160/t25 160 25
T160/t30 160 30
T180/t20 180 20
T180/t25 180 25
T180/t30 180 30
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Table 2 Sample preparation conditions for studying optimal factors in buckwheat tea steeping

Sample code Roasting time (min)

Sample weight (g)

Hot water extraction time (min)

R20W5510 20
R30W555 30
R20W6510 20
R30W6S5 30

5

10

10
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Table 3 Sensory evaluation of four buckwheat tea samples using the 9-point hedonic scale

Samples Appearance Color Buckwheat Flavor Texture (tea Overall

(clarity)"® aroma'® strength) preference

T160/t30 5.93+1.03 513+135° 520+169 460+145° 466+167™ 473+166%
T180/t20 586+ 106 573+127° 526+133 500+164°° 480+137% 500+136%
T180/t25 573+ 1.10 526+138° 500+155 446+ 164° 446+172° 453+155°

T180/t30 6.00+ 092 613+ 1.12% 573+ 1.43 540+ 1.40° 526+ 1.43° 543+ 1.42°

Note: ™ = Not significant difference, *° = Means followed by different superscripts within a column are significantly different

(p<0.05)
(@) (b)
Figure 1 Appearance of raw buckwheat (a) and roasted buckwheat (b)
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Table 4 Sensory evaluation of optimized buckwheat tea samples using the 9-point hedonic

scale
Appearance Texture
NS Buckwheat Overall
Samples (clarity and Color Flavor (tea NS

aroma NS preference

sedimentation) strength)
R20W5S10  6.13 + 1.12° 540 + 1.18 580+ 1.26° 6.00+0.92° 540+ 1.24 573 + 0.96
R30W5S5 5.66 + 1.04 *° 580+ 1.01 526+ 1.48%° 520+137° 513+ 130 493+ 157
R20W6S10  6.00 + 0.92 * 586+ 112 553+125% 546+ 106 553+ 1.45 553+ 1.06
R30W6S5 553+ 1.30° 593+ 103 506+148° 513+164° 480+ 147 493+ 175

Note: ™ = Not significant difference, *° = Means followed by different superscripts within a column are significantly different

(p<0.05)

3. MTIATIVRAUNNNEN S U

AN MNISNEN NIt IIANAL TN
WUl WanThInndenisdaiaiauadng (L)
Wuduan 41.64 19U 54.93 wanadanis
Wasuuwlawesdeenmaenimageu o 3819
Lﬁmmnmiqul,ﬁ'af’]LLazmiLﬁmﬂﬁﬁ?m
Wwaa19n (Maillard reaction) 53131901567
UoNanG And a* uaz b* YeNEARIRLLTY
910 2.98 vJu 4.57 wagann 4.50 1Ju 9.96
AUEEU axviauis s siAudnunty
NEINTA sd smaldvdi el a s unav iy
5atu Tudiuves A a,, BILANIAIAINEILTE
lumsifindisemigadninguasiail wui

ana137n 0.66 Tudnfunas 0.54 Tulanmd

LAAIINLUARTNINNEINITAT AT UARAY 4

fuwnlhilunafuinulduutu uazaslona
msa3uesgaunidiineliAnnsidonganim
annsafiulsuiuniniiguvniivies dsuandly
Table 5
HAN1TILATIEYDIAUTENBUNILAT VDY

[ v a a <

WAAUNINAULAZLUAAUNIANTINITA AR b

[ [

Wiud N8 suulai ddynated 1y
Tnoamylugulsinannuiy waenaiegi
Faauainsesay 13.72 Tuudanuwdawies
Yovaz 1.97 ¥dInN13M wanateUsEansnmees
nszUIuNsAluNsanANT Y viilinEn S
faruasdanazaiunsaifuinenlduiuiy
dmsulasiusienun (total fat) wazid (ash)

NUIT WU LT UL U7 wbd N e lulud aen

Spuay 3.05 way 2.12 ANUAIRU L aweunu




NIANTIBUAERAUWART TS UN 55 atudl 2 n.A. - 5.0 2568

74 Journal of Food Research and Product Development Vol. 55 No. 2 Jul - Dec 2025

wanRudiesSesay 2.67 uay 1.74 auaisu
Feaonndestunisanasesiilusietn @y
aslulawnsaanuaiiud uiudevay 83.30
danaldnd 1 1usIuv0 WA AT 1T uain
351.51 1Ju 398.89 AlauAasime 100 N5
dmsulsuaneanedaazuaaifond udy

[

wismddiinTuguiuluednm Tnewrne

=

Woanesad i uann 247.93 Ju 321.17

flaanSusio 100 n3u dumdylinuluiiass
e wansesninduaiesiuiivsaen
ANNBY NaleTIERUSINEN iUy adasY
Lazwaliusesaun wuintniadadiusuna
Futuan 902.02 Wy 991.64 lulasluawiou
Wwiilnsdendme 100 54 warwarliusyn

NUA ARUTUDEI9UINDIN 797.08 10U 2,436

lulasnsuiguinA8diune 100 NSU il

Wisueududninlauaa wansliiiuan
N38UIUN1TAYIBNTEHUNITWABULUA NI
Wil useg 199 vinlianseangni n1edinani
ANUNTUE U LanslY Table 6 AauaN

a s A o & N o v
nan153tasziil oy uies oah uen Tneld

v a @

pdludeuanvieniifitning 5 nfudetih 100
fadadns drluugindou 10 wfinudn drend
asaSFuouyadasy 0.303 adniusie 100
n5u druranliueeasiuvinngu 0.922 Jadnsu
o 100 ndu wazluflannduvilddudnely
SEAIELABINTELINIY UBNaINE UTTEe S
Goyoaga hazamz'® na1171 A-wWalndu
(D-fagomine) Tutniadunuinlunisdaasuy

N oAl

n15193yve39dun3gnidulseloiluald
AINAR N OANNATVDITEUUNILAUDINITUAL

qUNNlagsI

Table 5 Physical properties of raw and roasted buckwheat

Parameters

Raw buckwheat

Roasted buckwheat

L* (Light)
a* (-a = red, +a = yellow)
b* (-b = green, +b = blue)

a,, (water activity)

41.64

2.98

4.50

0.664

54.93

4.57

9.96

0.539

117



Table 6 Results of chemical quality of raw and roasted buckwheat

Parameters

Raw buckwheat

Roasted buckwheat

Moisture (%)

Total fat (%)

Ash (%)

Total carbohydrate (%)
Total energy (Kcal /100 ¢)
Energy from fat (Kcal /100 g)
Phosphorus (Kcal /100 g)
Calcium (Kcal /100 g)
Caffeine (mg / kg)
Antioxidant (umol TE/ 100 g)
Flavonoids (ug quercetin

equi/100 g¢)

13.72 1.97
2.67 3.05
1.74 2.12
71.98 83.30
351.51 398.89
24.03 27.45
247.93 321.17
62.51 68.37
Not found Not found
902.02 991.64
797.08 2,436
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Table 7 Consumer preference and acceptance scores for buckwheat tea

Attribute Appearance Color Buckwheat Flavor Tea Overall Overall
aroma strength preference acceptance
Buckwheat tea 6.97 7.18 6.92 7.00 6.95 7.08 3.61

Note: Liking Scale: 1 = Dislike extremely, 2 = Strongly dislike, 3 = Moderately dislike, 4 = Slightly dislike

5 = Neither like nor dislike, 6 = Slightly like, 7 = Moderately like, 8 = Strongly like, 9 = Like extremely

Acceptance Scale: 1 = Very low, 2 = Low, 3 = Medium, 4 = High, 5 = Very high

Table 8 Demographic Information of survey respondents

Category Percentage (%) Category Percentage (%)
Gender Education level
Male 50.00 Primary 5.26
Female 50.00 Secondary 7.89
Age group Vocational diploma 5.26
19-25 years 5.26 Bachelor's degree 50.00
26-35 years 31.58 Higher than bachelor's 31.59
36-45 years 28.95 Occupation

Over 46 years 28.95 Students 2.63
Not specified 5.26 Government officials 71.06
Private business 5.26
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Category Percentage (%) Category Percentage (%)
Private sector )63 Desire to consume 19.35
employees . Price 19.35
Others 18.42 Appearance 16.13
Consumer behavior Purchase convenience 12.91
Have seen buckwheat 5 26 Packaging 7.53

tea Interest in buying

Have never seen 94.74 Yes 94.74
Purchase factors No 263
Nutritional value 24.73 Not sure 263

Figure 2 Prototype of commercial buckwheat tea product for value addition
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