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Effect of whey protein isolate and inulin as a fat replacer on physico-

chemical properties of low-fat ice cream

Napassorn Peasura’, Ph.D
Pornrat Sinchaipanit?, Ph.D
Anantita Sangsuriyawong®

"Applied Microbiology

Institute of Food Research and Product Development, Kasetsart University

E-mail : napassorn.pea@ku.ac.th

Ynstitute of Nutrition, Mahidol University
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Highlights
* Adding 8% whey into ice cream improved the melting rate which were slower than full-
fat ice cream and low-fat ice cream contained 8% inulin
* Adding inulin as fat replacer enhanced the highest overrun of ice cream
* Mixing inulin into ice cream promoted viscosity higher than low-fat ice cream containing
whey and full-fat ice cream, and had physico-chemical similar to full-fat ice cream.

It suitable for low-fat ice cream formulation development

Abstract

This research studied the effect of two types of fat replacers, including whey and
inulin on changing physico-chemical properties in ice cream compared with full-fat ice
cream. Three ice cream formulations were yellow color, and full-fat ice cream showed the
lishtest color due to containing high fat content. Then, the result of hardness showed that
low-fat 8% whey ice cream presented the higher hardness than low fat 8% inulin ice cream
and full-fat ice cream. The highest overrun was found in low-fat 8% inulin ice cream which
was 48.93%, and had a significant difference (p<0.05) between low-fat 8% whey ice cream
and full-fat ice cream. Then, rheology result showed that 8% inulin low-fat ice cream had
the highest viscosity. It affected the low melting rate of low-fat 8% inulin ice cream and no

significant difference between low-fat ice cream mixed with 8% whey and full-fat ice cream.
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Table 1 The formulations of full-fat and low-fat ice cream containing 8% whey and 8%

inulin

low-fat ice cream

ingredients full-fat ice cream
whey 8% inulin 8%

milk 58.5 0 0
cream 24 0 0
skim milk 74.5 74.5
whey 8 0
inulin 0 8
skim milk powder 5 5
sugar 12 12 12
stabilizer and emulsifier 0.5 0.5 0.5
total 100 100 100

2. @ warmswavuwlasd
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TaandvaalaAnsunlewmsaa colorimeter (ColorFlex EZ, Hunter Associates Laboratory Inc.,
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,(31) &

Wi (@nsAaunaw) wazgnsludue (@nsiegn) auises Yuan wazauy® faunis

AE = J(AL#)? + (Aa )2 + (Ab #)?
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i
—

&

= 1
lpg AL* Ap A1 I—*(gjmimmm)‘ L*(;jma‘éﬁasm)
=) 1
Aa* AD AN a*(qmmuqm) - a*(qmiﬁaaéw)
ke uilodudalernuaiuinios Texture Analyzer (TAXT-plus, Stable Micro

Ab* Ag AN b*(qmmqu‘ b*(qmﬁaaéw)
a 6 1 I3 gl’ LY Y]
3. MIIIATIENANANULVIVDUUDEUNE (hardness)

1A
Systems, UK) fiaffuia¥n P/36R cylindrical probe anansalunisnageuvindu 2 m/s szeznaan
20 mm ¥n1sMAaes 5 a1
4. Myeseilvsiunazlushiu
AagnmvsunalvdunaglusAuniuisues Association of Official Analytical Chemists

AOAC (2000)*?
Faninleniy 2 n$u UrlUsemenig water bath igaumgil 60°C U1 30 WIT MEIAINTIY
X 100

5. MTIATIZIIUTIUBTVIaNNA (total solid)
unlvevlugeuaudousianmgl 100°C uru 2 Falus vinliduly desiccators Ul dadninuay

AUIUUSUI VD ILTIVI9NUR AIEUNTT
USunauesdaanun = hvtingls (n5Y) + twdndegramdseu (n3y) - thwindqe (nSu)
Jmdnsiegasudu (n$y)

ANUIUANENNTT F191

6. MTAATIENANNTIUN (% overrun)
l(33)

Aas1ein1stun lngdadminlerniuwmad uazidmdnvedleansuaslunivuzusung 120
lorn3ufing - dindnleandumdstiy X 100

v
o

= UIMUN

{addns nU35ve9 Muse Uag Harte
AT (%) = sl
dmiinleansumdstiu
7. MTBATINENIINNTarate (melting rate)
wloansuwtudaigaugl -20°C wiu 24 Falue ungamilinwiiu 30 N3N 1198IUUNTIBNTOS
wilansguanais Tadsuinsvesleaniufiazatenn 9 5 Wi auATULIET 50 Uil Adminves

lornsuazansundannsinifeuiuan
10

8. NMTIATITHENURINYINTEUE (rheology)
24 Gi'ibﬂm mﬂaauﬁwm%aﬁiaﬁma% (HAAKE MARS 40, Thermo Fisher Scientific Inc., Karlsruhe,

Faauniavesdrunauloansuungnslududuwazlafiuiiiunisuigamgll 4-8°C uiu
Germany) tfegsdrunanloAniuysunng 20 fiadans ldlu coaxial cylinders lnsgamaiily
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n157aWinAY 4°C lon1snageuauLAIYn (strain sweep) Tuga9 0.01-1,000 WigA1a ANNDALT

WINAU 1 Hz

9. ANFIASILNNEDR

U TaYANMUAUITATIENAIAIULANANNIETH 1A8I1HUNTNARBLUY Completely

Randomized Design (CRD) 1121 3 91 waziU3euiilauanadslneds Duncan’s New Multiple
Range Test (DMRT) 1 aiﬁﬂumiuﬁ’n%ﬁ]gﬂ Statistical Analysis System (SAS, version 6.0) (SAS

Institute, Cary, NC, USA) fisgAuanugiatunsadiniosas 95

HAN1TNARDY

iHedinszimesdusznauniaaiives
loen3uiia 3 gns wuin fegrsaruaudl
Uinallusiugsninleanugnslusiumiifand

wadudu 8% Wiy 8.51 Wi delemnIuludu

'
o

dfsansgns dusualudusiafu 1.35%
uanandu Teanduludfumanaifundlusiu
8% flUsAugeiianiviniu 8.95% sosadufe
Frogramrunuuarleaninlusiuni gns
LANBYAY 8% HAWNAU 4.52% wag 1.75%

ANUE1AU (Table 2) USUNUUDILTTINUAYD

lomn3uludumgasiudlushunagdydu 8%

I wA

AWINAUAD 25.5 Udlunauvasbernsung 3

e pd)}

n5 urinaudRineinseuanguvgll 4°C
WUI drunaNveIfileg1InIuANLasleAnIy
lafuaniuiag 8% Sudsaninuaziuisu

anuzduvedva Weanuaseawingu 10 Pa

ANNLANDUAU

Y

<, i = ]
A01uzlUUVDINANUDAULATIANINNIT 100

Pa (Figure 1)

wazlamnsulusu 8% L3uLUAU

Table 2 The fat and protein content in full-fat ice cream, low-fat ice cream containing 8%

whey and 8% inulin

ice crea

m formulation

low-fat ice cream

low-fat ice cream

source fat free ice cream
(8% whey) (8% inulin)

lipid protein lipid protein lipid protein
milk 1.90+0.02 1.92+0.02 0+0.00 0+0.00 0+0.00 0+0.00
cream 8.24+0.01 0.85+0.03 0+0.00 0+0.00 0+0.00 0+0.00
skim milk 1.35+0.02 1.75+0.02 1.35+0.01 1.75+0.04 1.35+0.00 1.75+0.02
whey 0+0.00 0+0.00 Trace 7.2+0.01 0+0.00 0+0.00
inulin 0+0.00 0+0.00 0+0.00 0+0.00 trace trace
total 11.49 4.52 1.35 8.95 1.35 1.75
total solid 17.5 255 255
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oG
a) 10° AG"
M : . s 2 s 3
s
?J 10 ' Iy A - .
© e A
101 9
102
109 T T T
102 10 101 100 10! 102
Stress (Pa)
b) c)
o °¢
1 "
*G 104 7 aG"
10 AG"
10° 1
P [
a: - . - . : t ~ : . - 102 A
x it Iy Iy r
* 10
& 9 e o & s e e o
p 1 A A A A Ao 4 a 2 1@
10! 101
102 107
104 T T T T ] 102
10 0% 1ot e 10 107 107 107 10! 107 10! 10*
Stress (Pa) Stress (Pa)

Figure 1 The storage modules (G") and loss modules (G ) of a) full-fat ice cream, b) low-fat ice cream containing 8% whey

and c) low-fat ice cream containing 8% inulin

ethunigimanuin Aanuaing
(L) voslomnTulusiusingnsifundlusiu 8%
fiAAwaIganigainiu 94.08 uslsifiaana
WANFNININERR (p>0.05) AUAIBE1IAIUAY
(93.95) uaglon3ugnslusuduiudyau 8%
ffnauainsesfigaiiniu 92.68 uenantu
leanIunngnsidlulnufounies Jsan a*
vaslernsunnansiianduau laeloaniuludiy
AgnsiAndydu 8% f1 a* undign (-2.93)
sesaanleaniulusiumgnsiiundlusiu 8%
WU -1.54 wagAieg1eniuauial a* dee

Nanwiniu -0.89 egslsfmulaaniugns

'
o

lusfusnidung 8% fid b* esdian sosadun
fe fotnruauuazleansugnsludusm
{Audydu 8% A1 b* undiga Wity 12.05,
13.71 way 14.67 nuddu deloanudia 3
s flA1 a* way b* uanAneiuvneadia (o< 0.05)
naAn1sAsuLUaElngsaileifiouiu
frognruaunudt loandugaslududids

YAU 8% He1n1siAsunUadlagsiuuin

)

=

NgaLaziinuwnnA19iuN19ada (p<0.05)
AularnIugasluduindung 8% winiu 2.6

Ay 1.78 m1ua1su ¢4 Table 3
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Table 3 Effect of whey and inulin on color changing (L*, a*, b* uag AE) of ice cream

color
formulations
L* a* b* AE
full-fat ice cream 93.95%+0.04 -0.89°+0.02 13.71°+0.02 0°+0.00
low-fat ice cream (8% whey) 94.08°+0.03 -1.54°+0.01 12.05°40.01  1.78°+0.04
low-fat ice cream (8% inulin) 92.68°+0.03 -2.93°+0.03 14.67°+0.03 2.6°+0.05

Note: Values are means of three replicates. Different letters show significantly difference at p<0.05

wazillannsiegnaladnsuInAIAI1Y

< dy [ L% 1 % I
WUSUBILUBDAUNA (hardness) WU AIID81Y
AruANTAIAULTe B o dulauINTIgn
Wiy 24,329 ke force WagdAINULANANNI
atidl (p<0.05) fulemniugnsludunifueg
WagBUYAY 8% NN 9,420 kg force Wag

4,577 kg force muanu (Table 2) ezl

A1n15Tuyveslaaniu (overrun) Wy

'
0O A a a

leanTuansludunifiiududu 8% flA1gegn

Wiy 48.93% Uagfieg19aruAudAINISIu

'
o

AaAIiY 25.05% wagdAukanmaany
NEDR (p<0.05) Aularnulusiumiiaunng
TUsAY 8% Tadim iy 27.46% (Table 4)

Table 4 Effect of whey and inulin on hardness and overrun of ice cream

formulations hardness overrun
full-fat ice cream 2,2329°+0.03 25.05°+0.02
low-fat ice cream (8% whey) 2,9420°+0.05 27.46°+0.04
low-fat ice cream (8% inulin) 2,4577°+0.02 48.93°+0.01

Note: Values are means of three replicates. Different letters show significantly difference at p<0.05

nuuiegsleAniuia 3 ans u1in

[

mINITazay (melting rate) WUl Liotan
iululeaniuyngnsisnsinisagaiomuunn
u InglornIugnsladusiidniinisavane

san druloanSuansloduddumed way

9 Y

a

wdu 8% ddnsn1sazarsldunnaeiui

D) M ﬁkf

4391381 0-35 Uil vdeanduleAnIugns
lodfusianiag 8% d6nsn1sazatugegn ui

Lifimnuuansnmiada duleansugasludu

'
0O a a a

AUANBYRY 8% LaAIAI Figure 2 donAteiy

ArAuniinvasleaniuluiiuignsiiudyiu
8% dA1anunilngandnleaniugasluduni

LALLIE 8%
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—e— Full fat (control)

Melting rate (g)

--a--8% Whey - 8% Inulin

30
Melting time (1nin)

40 50 60

Figure 2 The melting rate of low-fat ice cream containing 8% whey and 8% inulin compared with full-fat ice cream.

32190
Nudteilidun1sAneinavedilg
a a d' Y LY a
wazdudu Nidluarsnaunuludulunings
loAnsuluduen WSsuiisuiuleAnsuuugns
losfutfudanisiudsuwlasaudinianivay
nenmvadtaansy lansleanTuuugnsludu
WudUSunalvsiuatnuusuwingu 11.49% @4
1 Y] 1 QA' <3 (v
wnasveslrduaindlulsenaumduuuin
WinAU 1.9% lufuainasuwinnu 8.24% way
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Wulumuden1rnunve999An1981U19
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audfu AuAtmuLaIaiieglutag 0.01-
1,000 Pa Inglugraisuduilen 6" gand1 6™’
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A viscous Lty dauloanugnslutudi
\ANDYAY 8% fifiAn elastic way viscous
TndApafudausiidudu Gen1sidudydurili
loAnsudianwauginaininnisiaunglusau 4
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Utilization of bean puree as a fat replacer in cookies
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Highlights

* The objective of this research was to study an effect of three bean purees; red kidney
bean, split mung bean, and white bean on characteristics of fat-reduced cookies

* Increasing bean puree caused higher moisture content and harder cookies, but the
crispiness of cookies reduced

* Red kidney bean puree and white bean puree could fat replace at 30% by fat weight,
while split mung bean puree could fat replace at 15% by fat weight which consumer
acceptance was not different form control cookie (full-fat)

* The product prototype was the cookie which 30% red kidney bean puree was used as a
fat replacer and its shelf life was 2 months in sealed aluminium foil bag at room

temperature

Abstract

Cookies are high fat containing products which are 20-30% fat by weight. However,
reducing fat may affect the cookie’s properties and consumer acceptance. Therefore, the
objective of this research was to study an effect of three types; red kidney bean puree,
peeled split mung bean puree, and white bean puree, and four levels of fat replaced with
beans puree; 15%, 30%, 45%, and 60% by fat weight on physical-chemical properties and
sensory characteristics of fat reduced cookies. The control sample was non-fat replaced
cookie. The results showed that the type and quantity of beans puree supplement as a fat
substitute in cookies had significantly effected on the quality of cookies (p<0.05). Increasing

the amount of all three purees resulted in increasing the moisture content and hardness of
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the cookies, but a decrease in crispness. Sensory test in term of overall score showed the
maximum amount of bean puree’s fat replaced that not different acceptance when
comparing with control. And the red kidney bean puree and white bean puree could replace
30% of fat, while split mung bean could replace 15 % of fat in cookie. The 2™ sensory
evaluation showed 28 of 30 panelists chose the cookie with 30% red kidney bean puree as
the product prototype. The prototype which was sealed pack in aluminum foil bag at room
temperature, did not present changing the color and texture after four months storage, but
peroxide value increased in the 3™ month storage. So, the prototype product had shelf life

at least 2 months.

Keywords : cookie, puree, bean, fat replacer
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Table 1 Recipe of control butter cookie

ingredients weight (g)
all purpose flour 120
unsalted butter 100
egg 50
caster sugar 45
baking powder 1.3
salt 0.8
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Table 2 Proximate composition of dry beans and water absorption capacity, oil absorption

capacity, emulsifying activity of ground dry bean

red kidney split mung white

properties bean bean bean

proximate moisture content 13.05 6.35 12.28
composition (%) protein 21.98 23.04 19.98
fat 1.96 2.04 2.08

ash 3.03 291 2.88

carbohydrate 59.98 65.66 62.78

total dietary fiber 21.00 17.92 20.20

water absorption capacity (¢/g) 6.25 10.02 10.88
oil absorption capacity (¢/g) 1.38 1.15 1.12
emulsifying activity (ml/100 ml) 63.37 56.46 54.50

e 27


Dell
Typewritten Text
27


A NsesIdeuazimundniusienns 9 53 aliufl 1 wa. - e, 2566
f;*f:} Journal of Food Research and Product Development Vol. 53 No. 1 Jan - Jun 2023

Table 3 Moisture content and color of bean puree

properties red kidney bean split mung bean white bean
moisture content 75.53 + 0.40°° 76.99 + 1.49° 74.78 + 1.05°
(% w/w)
color L* 56.27 + 1.45° 74.38 + 0.87° 72.02 + 0.16"
a* 7.45 £ 0.31° -1.58 + 0.11° 1.95 + 0.20°
b* 6.91 + 0.28° 21.10 + 0.84° 13.64 + 0.40°

Note: The different superscript letters in the same row indicate a significantly different (p<0.05)

2. navasviiauazuSuranislddaiaigde
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wAnfusianfanlduiiinisnauniluy

fgfianasiog Amesfiang wagdawfiang 7

UTUIUAg o) AU LaR9Rs Figure 1 LagdlAndda
Table 4

-

red kidney bean puree 15%

cantral split mung bean puree 15%

white bean puree 15%

red kidney bean puree 30%

split mung bean puree 30%

white bean puree 30%

AnsuRvEneTesAniaalutuLans
Table 5 wu31 MsfinUsuranisnaunulusy
FEHIMAAILT 61909 wazdIv1IRLS
danalfainisudvenefivesaniduulld

anasualdunnaneiueg19lidedrAyniaia
(p>0.05)

red kidney bean puree 45% red kidney bean puree 60%

split mung bean puree 45% split mung bean puree 60%

white bean pures 45% white bean puree 60%

Figure 1 Reduced fat butter cookies which using bean puree as fat replacer
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Table 4 CIELAB color of reduce fat butter cookies which using bean puree as fat replacer

level of using
CIELAB 5 ‘ red kidney split mung white
ean puree as fat
color bean puree bean puree bean puree
replacer

L* 0% 79.05 + 1.38 °
15 % 77.04 + 1.60 © 80.51 + 0.51 81.18 + 1.09 °
30 % 77.43 + 0.89 € 81.13 + 1.20 ° 81.50 + 0.44 °
45 % 76.88 + 0.54 « 81.38 + 0.89 ° 81.11 + 0.29 °
60 % 75.72 +0.49 ° 81.53 + 1.09 ° 81.45 + 0.29 °

a* 0% 8.08 + 1.19°
15 % 8.07 + 1.27° 6.53 + 1.01 ° 533 +0.81 ¢
30 % 7.04 + 0.42 *° 5.87 + 0.95 * 5.32 + 0.58 ¢
45 % 6.08 + 0.36 5.88 + 0.81 * 557 + 0.67
60 % 732+ 062 % 5.76 + 0.61 534 + 0.42 ¢

b* 0% 38.56 + 1.10 °
15 % 36.35 + 1.58 ™ 37.35+1.97° 34.58 + 1.09 *
30 % 32.29 + 2.12 % 36.46 + 2.08 **© 33.71 + 0.64
45 % 29.55 + 0.96 34.74 + 0.92 > 33.03 + 0.87 %
60 % 28.08 + 1.04 ¢ 34.60 + 1.02 31.14 + 0.99

Note: The different superscript letters in the same each CIELAB color (L*, a*, b*) indicate a significantly different (p<0.05)

Table 5 Spread ratio of reduced fat butter cookies which using bean puree as fat replacer

level of using spread ratio NS
bean puree as red kidney split mung white
fat replacer bean puree bean puree bean puree

0% 7.91 +0.49
15 % 7.83 + 091 7.06 + 0.25 7.85 +0.48
30 % 7.71 +0.70 7.15 + 0.58 7.55 + 0.46
45 % 7.05 £ 0.70 6.98 + 0.50 6.89 + 0.48
60 % 6.90 + 0.44 7.36 + 0.39 6.89 + 0.48

Note: " means non-significantly different (p>0.05)
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Table 6 Moisture content and texture characteristics of reduced fat butter cookies which

using bean puree as fat replacer

level of using
red kidney split mung white
properties bean puree as
bean puree bean puree bean puree
fat replacer
moisture 0% 3.54 + 0.43'
content 15 % 3.94+0.52 5.91+0.44° 6.09+0.60°
(% w/w) 30 % 5.91+0.24° 7.07+0.98% 7.44+0.98°
45 % 8.27+1.02° 9.50+0.96° 11.38+0.51°
60 % 10.76+1.35° 11.74+0.51° 13.41+0.31°
texture 0% 1,426.95 + 127.38°
characteristic 15 % 2,361.11+825.08" 3,436.38+1014.72° 3,567.95+341.48%
- hardness 30 % 3,841.91+534.98°% 4,962.00+378.33" 4,728.52+1056.71°
45 % 4,282.52+111.58* 6,241.28+255.91° 6,028.20+513.37%°
60 % 4,282.52+111.58*¢ 7,178.37+837.45° 6,715.62+265.04°
texture 0% 10.33 + 3.28%°
characteristic 15 % 11.67+3.18° 7.67+1.15° 8.45+1.35%°
: crispiness 30 % 9.17+1.30° 5.89+2.84°* 7.78+1.83%
45 % 4.67+0.94% 2.89+1.39¢ 3.33+2.00%"
60 % 1.78+0.84" 1.89+1.26' 2.33+1.34%

Note: The different superscript letters of each properties indicate a significantly different (p<0.05)
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Figure 2 CIELAB color during storage of reduced fat butter cookies prototype
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Figure 3 Texture in term of hardness and firmness during storage of reduced fat butter cookies prototype
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Figure 4 Crispness during storage of reduced fat butter cookies prototype
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Figure 5 Peroxide value during storage of reduced fat butter cookies prototype
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Table 7 Sensory score using 9-point hedonic scale test of reduced fat butter cookies which using bean puree as fat replacer

level of using

overall overall
bean puree bean puree as appearance color crumbly taste flavor sweetness oiliness
texture acceptance
fat replacer
red kidney 0% 7.7+1.6" 8.0+1.4" | 8.1+1.0" 7.8+1.3" | 80+1.0" | 8.2+06" 7.6+1.1"° 7.6+1.0™ 7.9+1.0™
bean puree 15 % 7.6+1.4"° 8.0+0.9" | 81x09" | 83+09" | 8.1+09" | 8.0+0.9" 8.1+1.0" 8.1+1.0" 8.3+0.8"
30 % 7.541.0™ 7.4+1.1" | 6.8+1.1° 6.7+1.1° | 7.0+09° | 6.9+1.1° 7.0+1.0° 7.1+1.2° 7.1+0.9°
45 % 6.9+1.2"° 6.9+1.2° | 5.6+1.8° 56418 | 6.2¢1.6° | 6.2+1.5 6.5+1.6<° 6.2+1.7° 5.8+1.7°
60 % 6.8+1.2° 6.7+1.5° | a5+1.7° | 47+1.8° | 53+1.9° | 57+1.3° 6.1+1.5° 5.8+1.6° 5.0+1.7°
split mung 0% 7.9+0.9° 7.9+2.3° 7.7+1.3° 7.6+1.3° 7.8+1.1° 7.7+1.2° 7.6+1.1° 7.6+1.1° 7.8+1.2°
bean puree 15 % 7.6£1.1%° 7.5+1.3° 7.4+1.2° 7.4+13° 7.6+1.8° 7.7+1.3° 7.6+1.2° 7.4+1.1° 7.7+1.1°
30 % 6.8+1.3 70+1.8° | 59+19° | 56+1.9° | 63+18° | 6.3+1.8 6.4+1.5° 6.0+1.4° 6.1+1.4°
45 % 6.9+1.3" 6.8+1.7° | 5.1+2.0 | 5.1+1.8° | 6.2+£19° | 6.2+1.6" 6.4+1.5° 6.5+1.5° 6.0+1.8°
60 % 6.2+1.7° 57+2.3" | 4.2+15° 38+1.5° | 4.8+1.9° | 4.9+1.6° 5.6+2.9° 4.8+1.6° 4.2+1.8°
white bean 0 % 7.3+1.8" 73+1.8° | 6.8x2.1% 6.9+2.0° | 7.4x1.4° | 7.7+1.4" 7.8+1.1 7.6+1.3 7.4+1.0"
puree 15 % 7.2+1.6" 75+1.8° | 7.1x15" 71+1.2° | 7.2214° | 6.8x1.5" 7.3+1.5¢ 7.1+1.57 7.3+1.1%
30 % 7.1+1.9° 7.242.1° | 6.0£2.3" 574200 | 6.6+1.9 | 6.5+1.7 7.0+1.6° 6.5+1.7 6.5+1.9"
45 % 6.2+1.8" 6.4+1.8" | 45+1.6" 44415 | 57+1.7 | 5.4+1.4" 6.0+1.7 5.5+1.7° 4.9+1.5
60 % 6.1+1.7° 6.2¢2.1° | 4.0+1.8 4.1+1.7° | 53+1.6 | 52+1.6 5.8+2.0 5.242.0° 4.8+1.6°

Note: The different superscript letters in the same column of each bean puree indicate a significantly different (p<0.05)
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The effectiveness of quinoa in gluten-free bread
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Highlights
* The effectiveness of quinoa seeds
* Coeliac patient alternative product

* Using quinoa as wheat replacement

Abstract

Nowadays, the number of people who have coeliac disease, a chronic, lifelong
disease caused by the body’s exposure to gluten-containing foods, increases. Therefore, this
research aimed to develop a product to increase the choice for patients with gluten
intolerance by using a mixture of quinoa which is rich in nutrients that are containing nine
essential amino acid, and high in protein. The chemical composition of quinoa, raw material
was analyzed. A gluten-free bread recipe was developed using quinoa flour instead of wheat
flour. The chemical properties, color, and texture properties, water activity (a,,) content were
evaluated as well as sensory evaluation to estimate consumer acceptance of the gluten-free
bread products made from quinoa flakes. The quality of prototype product was investigated
and compared with the normally gluten-free commercial bread. The results showed that the
raw materials contained very low amount of saponin content that had no harmful for
consumption (more than 7.3 ¢/ml is harmful), red quinoa contained 6.34+0.06 g¢/ml and
white quinoa contained 6.51+0.01 ¢/ml. The protein content of the product was higher than
whole wheat bread (6.46%) in the market. According to colorimetric evaluation, the gluten-
free bread products from the market (L* 73.8+4.79, a* -0.47+0.12 and b* 13.13+0.29)
presented lighter color than the prototype product (L* 36.27+0.93, a* 9.68+1.40 and b*
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23.77+3.57). The texture of the gluten-free quinoa bread; hardness (g), cohesiveness

(g.sec/g.sec), springiness (sec/sec), eumminess (g) (720.12+56.13, 0.44+0.16, 0.64+0.47,

316.85+0.02 and 2.02+0.04) was significantly different from the commercial gluten-free bread
(1161.79+154.03, 0.57+0.3, 0.89+0.59, 661.77+0.16 and 6.49+0.27). For sensory evaluation,

the overall acceptance value of the product was around 6.2 and 80% of the total panelists

accepted the prototype product.

Keywords : quinoa, bread, sluten-free bread
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Table 1 The different between each recipe

of the gluten-free bread

baking baking

no. vinegar coda sowder water
1 v
2 v v
3 v v v
a v v v v

3. MyIATzvRun LRIt

1/1maaqu%‘miéf’maugaﬁaizﬁw
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1. namsiUSeuiieuanslundadumnvuudeith

Figure 1 The physical different between each recipe; C : commercial gluten free bread; 1 : quinoa bread No.1; 2 : quinoa

bread No.2; 3 : quinoa bread No.3; 4 : quinoa bread No.4
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Table 2 The result of the raw material quinoa

total total total
FRAP DPPH
flavonoid phenolic saponin
sample assay assay
content content content
(UM) (uM)
(mg/mL) (mg/L) (mg/L)
red quinoa powder 2.13+0.23° 1.43+0.02° 633.74+9.04° 0.98+0.02° 6.34+0.06°
white quinoa powder  2.01+0.24° 1.52+0.05° 573.47+9.95" 1.91+0.2° 6.51+0.01°

Note: difference superscript letter means significant difference (p<0.05) between column.

Table 3 The chemical component in quinoa bread (%)

content (%) protein fat carbohydrate ash

quinoa bread 6.46 8.28 38.26 2.08

Table 4 The moisture content of gluten-free bread from quinoa and gluten-free commercial

bread
sample moisture content (%)
QB 39.19+0.23"
MB 39.77+0.43™

Note: QB = quinoa bread; MB = gluten-free bread in market; ns = no significant difference

23 Wan1sAane1nientgninly
NARAUNVUNTIAITT HANITNTIANATIZRANE
YoananAuNvuNdenitilSeuineguiu
wanA T efiusmnngunLTiemain
Ignadansedi 5 Inefuualid L* for1niy
a114 a* AemAdluuildulunieduns wag b*
AoAdduwaldulunisdindes Ine Table 5 2y
wansliiudndvosvunilsnassrdanuii fn
L* fivsuendsmauainsveilonan fasivu
Yeaidausimainngiau wasidevuuds
U51ANNQAUAINTDNaIn Youvundalll

Us1Aannguu wazveuruudsusAnnguau

auvieanann SArauaiefiwananaiuegidl
Todday A1 a* Avauendauunluiinda s
mulndiedunaiu Wevunilwithusaan
nguu wazidlendndasivustinannngiay
AIUNDIRAIn AATuAnANAUD g1 TudAgy
vaunandusivunteItilseanngey uag
vauvundausannguwunuvieanainiaily
wansinafu Tnenaniian a* Adndununeds

NARNAUNTFLNAALINUATLILINYINTY kazAn

'
a a L2 1l

b* NUIUDN U TUNNAR A UNTAALNALAE S

U faa YV

AUAMADINUVUIEAINUINANN UNLFUUTY

UrRPOEE


Dell
Typewritten Text
45


NIRRT RAU WA TS TN 53 adudl 1 u.a. - 1.8, 2566

,// Journal of Food Research and Product Development Vol. 53 No. 1 Jan - Jun 2023

TnevauNandunvuutenidlausiAain
nau YauvuNdaUsAnNngeuaLTiaInaIn
& a v &
Wevundsndihiunannngnu uaziilavunds

U31M1NNQLAUAINTIDINATN AATLANAINY

pgtidedAy uenantuUIUIMUBaTE oY

Y

AMelundniueinagasvids 310 Table 4 waAd

'
a

TATIUIT AULEgINHNAR T U9 921AANAS

'
[

dy a a 6 ¥ a 1 a
‘U‘L!L‘U’EJ‘LHJ’e]fl"qa‘u‘lfliﬁJVlVl’WﬁL%EJ’W%WiLﬂ(ﬂﬂ’]iLU’]LﬁEJ

wazwuafiFerelsavidlurustinaanngnn
A1uednatn haznandunvundinidug
Unennguuiviiuln warlnevluuTum
ihdaselundnfasiouutlesyfivaeyd 0.959

(Ishida waz Steel, 2014) Fsarnas1avinliidiu

(3

INlundndugivundaitivsiaanngnud

o (%

Ysunuundasenannineg1etidednfny

]

Table 5 The color value of gluten-free bread from quinoa and gluten-free commercial bread

sample L* a* b*
QB 36.27+0.93 9.68+1.40° 23.77+3.57°
QB-Crust 27.63+0.47° 8.50+1.16° 8.36+ 1.70°
MB 73.80+4.79° -0.47+0.12° 13.13+0.29°
MB-Crust 55.77+0.90" 15.33+1.67° 34.80+1.04°

Note: QB = quinoa bread; QB-Crust = crust of quinoa bread; MB = gluten-free bread in market; MB-Crust = crust of gluten-

free bread in market; difference superscript letter means significant difference (p<0.05) between column.

Table 6 The difference in water activity (a,) between the gluten-free bread from quinoa

and gluten-free commercial bread

water activty (aw) sample
QB 0.884+0.001°
MB 0.976+0.001°

Note: QB = quinoa bread; MB = gluten-free bread in market; difference superscript letter means significant difference (p<0.05)
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Table 7 The analysis from the texture analyzer between the gluten-free bread from quinoa

and gluten-free commercial bread

attribute sample
QB MB

hardness (g) 1161.79+154.03 720.12456.13
adhesiveness (g.sec) 0.89+0.04 2.27+0.163
cohesiveness (g.sec/g.sec) 0.57+0.3 0.44+0.16
springiness (sec/sec) 0.89+0.59 0.64+0.47
gumminess (g) 661.77+0.16 316.85+0.02
chewiness (g) 6.49+0.27 2.02+0.04

Note: QB = quinoa bread; MB = gluten-free bread in market.

3. nansUTTEIUAMAMNSUSYA NS

Table 8 The result from the sensory 9-points hedonic scale test of the gluten-free bread

from quinoa
acceptability
parameter color appearance odor flavor texture overall %)
%
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Functional benefits from algal proteins and carbohydrates
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Highlights
* Algal nutrients and bioactive compounds
* The effect of algal bioactive compounds on disease prevention or risk reduction

* The potential of algae for functional food supplements

Abstract

Algae are widely found in natural habitats, especially in aquatic environments. They
can be used as food ingredients and can be seen on many people’s favorite menus.
Recently, algae have been the object of increasing interest as a healthy food ingredient.
Since they provide various types of nutrients such as proteins, carbohydrates, fatty acids,
dietary fiber, minerals, vitamins, and bioactive compounds, which offer several health
benefits. Previous studies have illustrated that substances from algae exhibit numerous
biological activities for example, antioxidant activity, anti-inflammatory, high prebiotic
content, blood sugar level regulation, etc. Furthermore, previous research has revealed the
mechanism of algal bioactive compounds that can reduce, inhibit, or prevent a variety of
diseases. These beneficial properties of algae make them a very attractive potential source

of nutrients for functional food.

Keywords : carbohydrates, proteins, bioactive compounds, health
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Figure 2 Sample of some edible algae A) Gracilaria sp. B) Porphyra sp. C) Laminaria sp. D) Ulva sp. E) Cualerpa sp.
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annsafiun1snddunesanu 10 Tuwading
Wty 210% Wnvsuiaeadiindensiavia
wuAlasnIa (macrophages) 150% wazdulnlyv
472% yonanilusiulelnandsdinmands
Juansnagfiduiu (immunosuppressive agent)
9vranlTuINdITdIaTUNITENLA Y
(proinflammatory cytokine) it o 1o 1wty 1
sruuiAuduinnuiniiuly lasaiuisoan
tumor necrosis factor-ot (TNF-Q) WazduLnos
Wesou-y (Interferon-y; IFN-y) ﬁﬂ'ﬁ%(;l:uﬂ’li

32-33

Mauvaadindenu1n®>? w9y Wsiulalaslala

mANaIus1Y Ulva spp.>?

aslulawasn
mslulainsaduansialuanadifuiniian

lusssumdlasenanueglugdihnaluanaiien

(monosaccharide) 19U nglaa (glucose) Winlna

(fructose) wagnwaning (galactose) loalnudn-

A1lsa (oligosaccharide) Feuszneudietinia
Tuianaiien 2 f 10 Tuana ensiofuseiuss
Tnala@fn (glycosidic bond) 1¥u wsH#lus
(raffinose) @wmAlad (stachyose) Lagnaaundn-
A1l37 (polysaccharides) Usznou Fre11m18
Tuanaifesnnndt 10 Tuana wu ulls (starch)
Inalatau (glycogen) waglyenuis (dietary fiber)

v

wodudnalsanainlaanamsnglugaaimnssy

ownaiduiiddnuas deuiunldedaunivaeiiog
waeviin Wy U (agar) A15513uUU (carrageenan)
woadiun (alginate) ogn1lsa (agarose) WU uA U
vennisdinedudnalsduiinduiiannsoadld
1NE1NI18 WU YuAu (fucan) WAse LAY
(fucoidan) NMudnuv (galactan) dawau (ulvan) an
sy (laminaran) waznguaw (slucan) Wudy
aslulawnsalunguladlnudnanlsduaznod-
winalsalasuainuauleegrsuinlundveanis
Hudunandmiundnfausiomsioqunmuas
911151a3u laeaislulatnsanguaanandd
AavandAdunsluledin (prebiotics) Yrvduasu

a

n15taseyuesgaunsdinsluledin (probiotics) lu
Sldlvidnegosuasduasgiinduidniude
319018 sIudeAtuANLarleeius1IN1E9N
dun3dviianelsn YSvaunassuugiifuiu
uenaniivannedudnanlsfdaiinnuannsaly
nseengsnIsTaniwlddnde
IINNTNAFBULILDATUAVBIANINENLLA
fima Laminaria japonica H1UT£UUN15EDE
$raesluiesufuinisdaetndes (digestive
juices) WU WOATLUANUNIUADNITHDUUD

FELUUNNMAUDIUITAIUUUBALRAIINNTTAIA
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waadiun Megaunsdnienlanneaainggid

Y

UNINA (n vitro faecal fermentation) Wu731
NSO NYNYUELTNS (relative abundance)
vowuaiiselnslulefdnngu Bacteroidaceae
Tnetanne Bacteroides finegoldi® wanainiinns
ninueadtuncsuuaiiselnslulefn Bacteroides
xylanisolvens, Bacteroides ovatus W@ ¥ Bacteroides
thetaiotaomicron Wu3n uueTliSewaiiannsag e
Leadunuaznannsalusuaiedu (shortchain
fatty acid) e wodaauazinsfilowund el
Uselevdsiosnaniglunisusvaunansn-anslu
$1lduazmuauidodelsan® Snfaanunsaiia
USanaudiendu Bifidobacteria lunguetanaiins
ffuUsemuneaduaU3uin 10 n¥u/Su Anse
Wusreziian 2 U wazanuisodaasunis
Winendelungy Lactobacillus®® n1533
Tunynaassfilsiulszniuamiienziaduns
Chondrus crispus Waulu®1%15 2.5% WU 31
Usunandeuunailiie Bifidobacterium breve 1u
dldfnnivynaasduyaniuguiionnslid
drunanvesamsede 4.9 win® aueiinisTi
woduinalsdviinynesunuiiatnainaiviied
¥1na Ascophyllum nodosum U3u1e4 100
me/ke Tniindasedu nunynaaes (C57BL/6
mice) 1ut1a1 6 Uavi wuin dasduasuln
wuaiselnslulednngu Lactobacillus wae
Ruminococcaceae fiUSsnaufisguiguien iy
nsAnwiledlnuaswedudnailsnvesainsie
Chlorella way Arthrospira platensis Wui1 i
Auausatunisiiunslulefnuasduasy

a

aunsdlusluledn laun Bifidobacterium

9

animalis wag Lactobacillus casei Snwaaaasa
Asuannsalasuanedulunuaiise Wy nse
wanAnwagnsnodan?
a1sfueyyadasedunII (synthetic
antioxidants) 1y U19itawmalansendlngdu
(butylated hydroxytoluene; BHT) lnsiaunatan
(propyl gallate; PG) Ua7itamnlansendozilya
(butylated hydroxyanisole; BHA) Laziiisn-Ua7ia
lglnsAiluu (tert -butylhydroguinone; TBHQ) @13
wianiifenldlugmaminssuonms ilerfuasiu
pondunduveslatiy agrslsAnunisldansmani
91nnenguuienIuAIuUasndee1uls
dlevanenaiinasenisneusidelugienie@
Fafuansansssumisadniivnumidiaty s
afnnamhedudnmadeniiviunldideswind
qw%‘é’ma%a'@ass NSWANEINSIY Laminaria
sp. asludasuatu lowisn nioun WHunisifiu
SAVIRVDINAR A UIILATANWUENINUTEIMFUN A
WAty wazanunsadnorgnisnisfiunundals

£ = ] ~ aa £
Y1IUTUVUY Luaﬁmﬂm‘mﬂEJiJﬁ’]i‘lJiSﬂ’e)UVIiJﬁ]Vlﬁ

o,

a

lunsdueyyadase™ msfinvimaaeugns
fusyyadaszvesdainneaudnalsd 6 wila 7
afalaanamsienzia lawa leloni-A153uuu
WAUUI-AITIAUY WAL UAT-ASITRUY WARELAY
PMNFMINENLLA Fucus vesiculosus WA FO.5
wag F1.1 99n@1%978 Padina gymnospora wa
n1snnansfieiinisdudanisdediveseouya
gUiUasoanlya (inhibition of superoxide
radical formation) wuin yassuaulsinaiign
Tawdlan ICso 1¥NAU 0.058 mg/mL d@rudainane

Audnalsauiinlaloni-Ans13uuu wAUUI-AT)
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WUY WATLANUAI-ANSI1TUYN TR ICs WY
0.112,0.332 uag 0.046 mg/mL A1UE1IAU

[
Y o

vauzfiilennasusisissudanisnedieyya
daselansendanuin y-Aveunuiial ICs Wiy
1.250 meg/mL d@ulelon1-A1913uuu wauUl-An
ITRUU BAZLANUA-AISIUY TAT 1Csg WINAY
2.753, 2.338 Way 0.323 mg/mL aua1siu Tu
am9ew1 (Spirogyra neglecta) Faduamsnea
Feanindavuelug Wonaasugninisdueyya
§aizmaqaﬂiaﬁ’maméwmeﬁaﬁ’@é’aaﬁﬁauﬁlum
sy vyfildsuansadauiinas 50 uaz 200
me/ke o9t mTnga Wuszeznan 13 §Uanv
wuin Usunaneulesingailslewleseandina
(glutathione peroxidase) a1 uteulasiviniii
sofuoyyadaseiifiuanniusgslidedidamna
406 (p<0.05)*” Huo wagABly 1897111
Faanedudnalsausuia 2 me/mL fadald
nNanI18@T8rvuraLan Tribonema minus
a1u1508U E'?amg;daﬁaiz 1,1-diphenyl-2-

picrylhydrazyl (DPPH) giuileseanlusiuazlansonda

'
al

19 56.11, 75.6 wag 61.89% auainu“® vauh

FatnanodudnalsfveIa N gvuIaLan

(%
LYY

Picochlorum sp. Y3184 2 mg/mL @111508U¢
ouyadasy DPPH 14 85% uenainnisduda
auyadaszualaisusznaunedudnailsdann
amsefignslunisdudueules ACE fudu

wulgdRdanudunusiunisiinlsanlnusu

] ! a <

Ananluwalvnesu wodwdnalseannsteng.a

dWn 3 Kappaphycus alvarezii Wag Gracilaria

o

(%
av v

opuntia aunsaeengnsdudaeulyl ACE lalag

1A ICso VU 0.02 wag 0.70 ug/ml

Augsu® Fauaneduinailssiiatnain
@11318 Cystoseira crinite anunsaduda ACE 14
TaediaAn 1Cs WinAu 58.35 pg/mL*” wagnod-
wdnanlsdviiayassuauiiainain Laminaria
japonica wuin ansaanaufulaiindunyiil
amzanufulafingsfiinanidudonluifode
HAUNR (renovascular hypertensive rats)®”
wenanduneaudnailsfiiniuaiuisa
gengssuunin Tnefnuluvasanaaes (in
vitro) TuesufURn1swudn damlanedudnalsn
Y9388 Gracilaria opuntia fign3lunisiiu
WY @nsadudenisineuaeieuled
woavhovluaa touladnglafina uwavioulesl
DPP-4 TaaiiAn ICso 311U 0.04, 0.09 wag 0.09
me/mL auasu® ageiinisdnuiludnineass
(in vivo) vilalidaianedudnailsdaes
Sargassum vulgare U3u1ad 400 mg/kg damitn
fsieiu Tunynaass (wistar rat) MviiliAan1
WIMNuAedaaen®1y (alloxan) Wuii vy
dusasnurseiutimalunsruadenndaile
819419 (postprandial blood glucose) wLazan
Tnalelgandlulnaduriessiuimawdsayay
Tutden (hemoglobin Alc; HbAlc) aslé 49.06%
Fofleurvyamunuililldsunedudnanlsd ne
nalnn1seengqrsvesedudnailsdanunsasud
wulgdezlulagaindussu (pancreatic a-

*?2 pan1snaaasdululuianiafeddy

amylase
funedudnanlsdvdiammesunuiiainainaimsie
Saccharina japonica %ﬂWU’i’] UTunad 200 wag
1,200 mg/kg dminsasie Ty aunsaanU3uia

nalaalunszuaifonvosnynvinliiinniie
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WUIMINUAILBAaBNTIULA 22% LAy 34%
AIUAIGU UanaInUWeaLdnalsadeauisn

v a a

nsgAUNTasBuTRuLazdwaliseauduauly
nszuadenvemyiduumuiiingu®? Ly
wazany Wdamnnedudnailsnainalugdun
(Spirulina platensis) wmaaquéﬁu Fueulud
woarngladinalunaennaaed nafnwinui
wodudnailsdfiduaaluianadi (30-10 KDa)
Usuia 4 me/mL arunsadudueuleiuean
naladinals 72.92% vauziiezailua (acarbose)
Faduerduimaiuaiunsnduduouledly
86.65% uaziilavneaudnalsanlaliiumyiin
Wdanngiumumeamsuinlelndy Ysuu
200 mg/kg dnfnsetu nan1sdnwinuda

mnalunszuadenvaanynlasuneduinailse

Y

anategIEAu 10.48 mmol/L INTEAULTUAUN
18.49 mmol/L ndsannisiineaundnalsaiu
STULLIAN 28 TU TIAUIRA I UNSEWALAEATBE

=2

nimflunguitidulsadie 78% (18.64 mmol/L)™
qussudanisiasayiiulnvenaduzses
wodudnanlsa Tul a.A. 2003 Umemura way
AME 51891131 nadudnalsn GA3P (D-galactan
sulfated + L-(+)-lactic acid) 910 Gymnodynium
sp. A3 YlALAANTZUIUAITYINAIBALDIBTAE
(apotosis) Tungisadinidenv1ivlinludasen
(K562) wazausdudinisiasyuengaduzids
dnlddnnarevialuiosufuinig wu uziss
Wiuy wzisesely ugiSeRands wazuziSeanld
Hudu® wuiierduivdamawedudnailsnain
@138 Pyropia yezoensis Sookwawon 104 7

[ & s < a
F1UN908 VUL AULLIIVUA Hep3 B,

MDA= MB- 231 uag Hela 1a®" wodudnalss
%ﬁﬂﬂ(\lﬂﬂammumma’mﬁm Fucus vesiculosus
ansadninliiwadugiSeanldyin HT-29 uay
HCT116 nswsjuleuleyl caspase 3 wag 7 il
WAansguaunsianemiewasgasuzissluio
URTRIECY wodndnatlsdainamsnediimia
Ecklonia cava Signslun1sduaeadusiiaudia
Benvuia U-937 (human leukemic monocyte
lymphoma) Taeiian ICso iU 43.9 pg/mL®” U
A.A. 2021 ldin1sneaeddidamanedudnailsa
1NANI1Y Dictyota caribaea Usua 25 Lag
50 mg/kg UrnifndasieYu lunyfignugndne
waauzi3euiln sarcoma 180 NANIINAABINUIN
%’aLW@W@ELLG?iﬂmliﬁmmmé’Ué’j’jamiw%zylﬁiﬂ,m
Yoyaduz5ia sarcoma 180 td 40% Tuwyn
naaesilidamanedudnenlsdusuna 25 me/ke
ity susfiyannaosiilvidamaned-
winanlsAusuna 50 meskg Yantindasety
annsadufimsiiyveceaduzals 5106
N1539eM1eaugdAuAuINgINUd1 wed-
udnalsnannamsiedianuiiaula Ingeuide
984 Jiao wavAne Afnwineduinailsdan
a1%318 Enteromorpha intestinalis Wui1 Woa-
winalsnaIunsansziunIskuieliaiben
1viindnlnled (lymphocyte proliferation) 19
wonvndarusanszdulidadensinia
unAlAsHIa (macrophage) nanluninoonlys
(nitric oxide) Winuniu Felun3noanlemiu
arswniifiwadidadenviindseonuniiaiiia

g 4(61)

Uszansamlunisinyanewasustsa® augi

Faanedudnailsnain Porphyra haitanensis
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Wa e Gracilaria lemaneiformis @1113508ad13
NIEAUNITINLAU TNF-O hay IL-6 Lapgadl

CY ) v

Hod1fg (p<0.05)? 1 guitfgadudainn

a [

wodudnailsaanainsiy Codium fragile

unasy
TUshuwazarsiulawmsnainamsissin
fne 1 Tusglenilunivesnseengrinnsdanmd
a1unsaduasugumeasnduansatesiulse
vwdald ognelsfnunsldiuomisiiazenn
an Tud ldd1a vseldsuaisenmisasu 5 ny

WAEIDIMNSNWANF1TU LU 10 W Liednd 910

ANUNS0AASEAUAITABNITONLAUDY I NTEN-
wnauAy (prostaglandin E2), IL-1B, TNF- oL wag
IL-6 Tuswadimneidesuiin RAW264.7 19

B Waby Seuiy budu @15 uswmanildadl

o

o w 1 |

wiesane ewinasiedelmAnaiy
AUAATDIGUNININY uaNIINTNITEENA
ne Wulszuazasiiaue vdalaliudulasiy
Aae aztaetasuadelisneniediguainudus

wazralnaanlse
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Food and nutrition guidelines for the elderly
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Highlights
* Nutrient and energy requirements for the elderly

* Dietary recommendations for the elderly

Abstract

An adequate intake of nutrients and energy can prevent or slow down the age-
related diseases in elderly. Both macronutrients and micronutrients can promote the body
function e.g., metabolic pathway, brain function, and the immune system. Food consumption
behavior influences some common diseases for older adults such as sarcopenia,
osteoporosis, and non-communicable diseases e.g., obesity, diabetes type 2, and
hyperlipidemia. In addition, good nutrition in the elderly could slow the age-related
dementia. The common dietary deficiencies in the elderly include protein, vitamins, and
minerals. This is because the physical functional limitations that influence the absorption of
nutrients and reduction of food intake. Therefore, choosing the suitable food could be one

approach to promote good nutritional status and health for the elderly.

Keywords : nutrition, nutrients, elderly
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Highlights
* Bioactive peptides are products from protein hydrolysates by enzymatic, microbial or
chemical treatment
* Bioactive peptides from food sources (plant and meat products)

* Bioactive peptides relieve health problem

Abstract

Proteins in foods are not only nutrients, but also biochemicals function that promote
health. Moreover, the biochemical activities of proteins are presented by peptide sequences
coded in the parent protein which become active when cleaved intact. Bioactive peptides
are products from protein hydrolysates and show various activities, e.g., the nervous, immune
and digestive systems. But peptides are different from synthetic medicine because they have
no side effect on the body’s system. They are a good choice for medicine. For the activities,
a lot of research has been studying the effects of bioactive peptides on these health problems,
such as antioxidant, antihypertension, anti-inflammatory, reduced cholesterol level and anti-
diabetic. Furthermore, this article reveals the sources of peptides in food proteins of

advantage for consumers.

Keywords : peptides, sources of peptides, bioactive peptides
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Table 1 Antioxidant activities of peptides in foods

sources peptide sequences

seaweed protein VECYGPNRPQE

egg white protein DHTKE, MPDAHL, FFGFN

oyster LANAK, PSLVGRPPVGKLTL
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Table 2 Peptide sequences in food sources relating antihypertensive effect

food sources
egg white protein

soy and soy milk
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Table 3 Peptide sequences in food sources relating anti-diabetes effect

sources peptide sequences

soybean germination

references
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Story of bitter taste
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Highlights
* Source of bitter compounds in plants, food and food products for protect themselves
against being eaten by secreting natural pesticides and other toxin
* Approximately 25 TASZR human bitter taste receptors
* The food industry routinely decrease or removes these bitter compounds in foodstuff

for consumer acceptance

Abstract

Humans can detect an instinctive aversion to bitter tastes to prevent them from
ingesting poisonous substances. Because many toxins are bitter. Approximately 25 TAS2R
bitter taste receptors have been identified in humans. Bitter taste receptors are activated by
thousands of bitter compounds. Plants protect themselves against being eaten by secreting
natural pesticides and other toxins. Plant-based phenols, flavonoids, isoflavones, terpenes,
glucosinolates, and phytonutrients are almost always bitter, these substances may provide a
defense against predators or bactericidal or biological activity. Bitter compounds were often
in plant foods infrastructure as raw materials in foodstuffs. The degree of bitterness depends
on the cultivar, strain, ripening, process heating, fermentation process, substances from
oxidation, and peptide from protein hydrolysate generally have a bitter taste are
consumption restrictions. Moreover, the bitter phytonutrient content of plant foods is a
potent dietary option for health benefits. It is a limitation in consumption as well. The food
industry routinely decreases or removes these bitter compounds through selective breeding

and a variety of debittering processes for consumer acceptance.

Keywords : bitter taste, bitter compounds, bitter taste receptor, bitter peptide, debittering
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AuslandeidefmeinlvfuilaaUasndeain
ansiwniisavalunquianiaseiniaansleeilud
falnalalys (cyanogenic glycoside) 13919115
aa & a [ & I~
Afn1sUuloua1sneae 9 uenainiaisad
A1g 9 ANIRAReDNNT WU @1sinladanseun
2 a . & a

NIDA1INGN WAL (phytonutrients) NNaRDBANN
Weluiwuntesdalesainaniiziindeuiilid
FI19 9 LU NITAALTDIIVIDLUATILE FIUDINIT
Josiudileaangan daiisseauainunduduyes
ansngnuaiinaziiunisineidealiefalasu
nsuaLiu ieenvazidusyruanududuaes
= Py < [y | P | =
ansngnuaiigaiioludunsiesiondndie 9 &
ansngnualnlnsavuu1svinastandlunisnen
o A= = A Ay v ¢

1 Mallfianswgnuaiisavuvateyianlilselevd
AUTINYAIEATIUAITISA 2 WONAINTAIS19N 3

[y

AR 1A TTAvHUNYTALAE SEAUNKUSLAA
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sy

HTA Y

it
=

A13199 1 ansngnualintisavuunviin

NEUAITHONWLAL GAXEGRLY unaa EETL

asusznouiiuedn

warlhaluy (flavanones) WI3UIU (naringin) - Rdenvemaldnsynady 2,701-4,319 faansuseilansy
- Wasniuluvesmaldnsznady 1,301-15,592 fadnsuseilansy
- Lﬁaiwaamalﬂngaﬁm 13,285-17,603 faansumentansy
- wanvewaliinsznady 295-2,677 daaniusienlaniy
- HageuvaHaldnszady 97,920-144,120 fiadnsusienlaniy
- ﬁwmalﬂmisqaﬁu 300-750 faansunoans
- 51?”mﬁu§ Oroblanco 346-089 NaANSUADANT
- théuiug Melogold 413-580 fiadniusoding

Walau (flavones) UNULADIAU (tangeretin) - fadw 0-30 faantusienlansutmtinuis
_théu 0.6 Hadnsusiodns
- sy 0.2-0.5 fiadnsureans

Tuiiafu (nobiletin) G 14-112 fadn3usonlandutminuie
- théa 2.7-2.9 fiadnsusodns
- thddud 1.8-2.3 Jadnsunedns
leiuudiiu (sinensetin) - Had 14-46 fadnsusenlanduniminus

- 0.1 fadnsusodng
~théududy 1.7-1.8 dadnsuredns

a1liuea (flavonols) \A2887U (quercetin) - dwaldimsnady 4.9 fiadnSusiedng
- gy 7.4 Taansusodns
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NENFIINONBIAL RRERTLIEY e Usuna
wa1luea (flavonols) L2087 (quercetin) - hwalinszgady 4.9 adnusiodng
-z 7.4 fiadn3usodng
- {nlA3 1.3 faansusenlansu
- pangaUdan 700 fadnsumenlansu
- 4.1-16 Jadn5unedng
- e 10-25 Haansunoans
- thangvas 13 fladinsureding
- Thedlen 14-23 fadnsudedns
NawIu (flavans) AMNTU (catechins) - Tadumg 11.1 fednsusodns
- Theden 13.19.1 fiadnSunodng
- dhanguas 6.0-6.4 fadnIusedng
- e 9.2-15.6 dladnsusioans
diALNTU (epicatechin) DTN 7.7 fiadnsuredng
- walnTAlusTush 940-2,470 fiaansumenlaniu
- walnlAdusagy 180-230 dadn3usienlaniu
- theniden 105-118 fiadnsusiodns
- ﬁlwmgjuaq 63.5-68 Hadnsusedns
-~ thane 16.8-35 Haansusiodns
NANTULNALAN (epicatechin gallate) - vheden 152.2-223 fiadn3usiodans
- ﬁwﬁgjwaq 182.8-227.2 fadn3unodng
- e 114-168 fiadnTusiodns
diifalanmIu (epigallocatechin) ~vhanden 186-257 HadnTuUnDanT
- dhangas 182.4-242 fiadinSusioding
- e 17-50 adnsusioans
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NENFIINONBIAL LAY Usuna
Wawau (flavans) dinalanvduialan _thynden 237.2-330.8 Jaaniuneans
(epigallocatechin gallate) - ﬁﬂélﬂfguiwaﬁ 251.2-307.6 aansusiodns
-~ thane 96.8-110.8 adn3uADaNT
Walueed (flavonoid) AWBu (catechins) Aifitmiinlaana - anluns 1,000-3,500 fladn3usedns
weeni1 500 - htlnvanu 200 fiadinSusiadng
AWBu (catechins) Aifitmiinluana - anluns salivuwaisan e
11AN97 500 (WUt - woulalwines selivuuniisarn
- walnAlasTusi 8,380-31,000 fadnsusionlaniu
- walnlAdusagu 1,370-4,460 fadnsusenilansy

Tolewalau (isoflavone)

1ailafu (genistein) wagiandu (daidzein) - HInAGDY

- AW AADINT DI bUITU
- TUsAununsus oL iaL sy
- Waeuldiuasines

24-40 fiadnsusonlansy
51 fiadnsusionlaniu
67 fadnsusonlaniu
14 faansusenlansy

- 169 29-78 Hadn3usionlansy
Iasimesiy (triterpenes)
dluusen ovnalau aluiiu (limonin) - Thyzum 12.2 fiadnsusodns
(limonoid aglycones) v 9.7 fiadnsusiodns

- dwaldimsenady 11.4 fiadnsusiedns

- th&uTeawnu 34.7 Taaniunoans

- Hudenvesnalinsenady

- Wasniuluvemaldnsznady
- Lﬁaiummmaiﬁmzqaﬁu

- wanvowaliinsznady

6.1-42 faansusonlaniu
11.6-65 fiaansusonlaniu
103-525 faansunenlanu
1,188-1,885 faansumenlansy

97


Dell
Typewritten Text
97


NIRRT RAU WA TS TN 53 atudl 1 u.a. - 8. 2566

’ Journal of Food Research and Product Development Vol. 53 No. 1 Jan - Jun 2023

15197 1 (59)

NHUEITWON WAL

GUEEGKEY

VN

J3uneu

laswmesiuy (triterpenes)

dluuees aznalau (imonoid aglycones)

Tufiau (nomilin)

- Ualiinszady
- dnduiiug Oroblanco
- Uduniug Melogold

a v 1 a

0.1-1.6 dadnSumodng

a v 1 a

0.4-0.8 dadnsusodng

v 1 a

0.9-1.8 HadnNSuUNDaNS

a15Usenaudunssnidawmas

(organosulfur compounds)
naladlulan (glucosinolates)

Fn3U (sinigrin) - nendUa 70-410 fadansusanlaniy
- NEUEIAT 110-1,560 fiadnsuspilansy
~ pennnan 10-630 faansusionlansy
- IRNAA 0-100 fiadnsusonlansy
- usentAdug Calabrese 0-10 fadnsusianlansy
- usonlad 0-16 lulasluasenlansy
- finAzT 625-1,973 lulasluasanlansy
- finLea 0-287 lulasluasenlansy
- BNALEN 6,930-7,790 lulasluasanlansy
1Uslndn3u (progoitrin) - NENAIAT 100-1,000 fadnsusonlansu
~ A 10-80 fadnsusenlansu
~ pannnan 0-140 fadnsusionlansu
- A 90-830 faansumenlaniu

- Uiaﬂiﬂaﬁuﬁ: Calabrese

0-82 fiadnsumanlansy

nalaus1a@au (glucobrassicin)

- AZUAIAT?

220-1,110 adnsusanlansy
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dATngnealisav W GN Uszlovirasnenie
aslunquualsfiuesn uzeIna uasen dumna undly - fueuyadase
- waualsiiu lalatu g uwulnsila KNl - iuUBinangaddedyaio

- anaudssveUsramaLdon
anslunguiluuess waliinsznady - @uaaeulesiiivihmihiundes

- Palufy aludulnalales

- Wuansalildvhanevsedugainisasayivlnvesqiunigiusnane

a1slunquilueananlivesd
- AnTU woulslaentiy JWsweulsloenu wsudu
LADTAU WNULIDIAU NIlNE

¥ wess 1l waldnsenady
wauila Bnnaviey InlAs
WASULUBSS viay HNLAa

- fueuyadase

- Wieulwainslunisiulsausa

- anlsAviaandantlperlsny

- JaaiunisonLauy

anstungulelerailiu
- \allafiu wadu lnalastu lelyaun3u

Tlay wudwvios 1y Yeieume
WAS5EN

- YININAI YA IO

- wWineulminslun1saulsauzis

- ANABDLAALNBD TR

a1slunqunsniluedn
- NIALNAEN NIALEAATTN NsaANNBN loleauisu

¥ ansodluess uguess weulla
1 o4u T Wiedu nwn

NIu

- Wiseulesinduselavnnus1anie
- fueuyadase

- fufaansnauziSalulpseniiu

astungungledluanvieanslolalnlelseiun

NNNEYEN HNLAA NERAIAT?

- Wieulasiniuselevtiusianie

- Sadalelglnlolyenin usenlad - aansyUIuNsRNvgwialuaefueiioananuwsilusaniy
a1slungunedniuea 11l - fugansiinlliesenssusAunazIEEENAN

- EULULALIADTINToR

- §UgINTONLEY
- fueuyadase

P : (1)
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A13199 3 ansTAVIUNYIALAETEAUNHUSINATUSTAUY

o v

5
v o

nNguvasaIsUsENaU szAuniul Eadluansd)
nnlutiulensend 9-Hydroxy-10t,12c-octadecadienoic acid 6.5-8.0
(hydroxy fatty acids) 9,10,13-Trihydroxyoctadeca-10-enoic acid 0.6-0.9
uaznsalugiu (fatty acids) 9c-Octadecenoic acid 9.0-12.0
9¢,12¢,15¢c-Octadecatrienoic acid 0.6-1.2
5¢,8¢,11c,14c-Eicosatetraenoic acid 6.0-8.0
wWulwe (peptides) Alanine-Leucine 18-22
Leucine-Valine-Leucine 2.0
Phenylalanine-Glycine-Phenylalanine-Glycine 1.0-1.5
nsAegillu (amino acids) L-valine 20
L-phenylalanine 4.5-7.0
L-tyrosine 4.0-6.0
Lo3iu (@mines) Propylamine 15-25
Butylamine 4.0-8.0
Pentylamine 1.5-2.0
Dodecanylamine 0.3-0.5
Diacetylamine 5.0-15
Triacetylamine 2.0-3.0
oz lglaloalay Azacyclopentane 8.0-12
(azacycloalkanes) Azacyclohexane 0.6-1.0
ansusenauduewmelslendn  Pyrazole 15-20
(N-Heterocyclic Imidazole 4.0-8.0
compounds) Piperidine 8.0-12
Piperazine 20-30
Pyridine 1.0-3.0
Adenine 2.0-4.0
Adenosine 3.0-6.0
Hypoxanthine 4.5-6.0
1olug (amides) Propionamide 50-55
N-methylacetamide 10-15
Benzamide 0.8-1.0
Denatonium benzoate 0.00001-0.00002
Thioacetamide 1.0-2.0
N-phenylthiocacetamide 0.01-0.02
Delta-valerolactam-2-piperidinone 3.0-4.0

100


Dell
Typewritten Text
100


“

NIANTIBUAERAU WA TS TN 53 adudl 1 u.a. - 1.8, 2566

= _// Journal of Food Research and Product Development Vol. 53 No. 1 Jan - Jun 2023

A15199 3 (5i)

§ o/

nguvasaTUsENaY A1358U szauniui @adluand)
Saccharin ~0.3
8138 (ureas) Urea 60-70
1'1/|IEJQL§EJ (thioureas) N-methylurea 35-40
AsUTlue (carbamides) N-ethylurea 20-25
N-butylurea 5.0-7.5
N-phenylurea 4.0-6.0
N-methylthiourea 0.5-0.6
N,N-dimethylcarbamate 5.0-8.0
LOAWBS (esters) Ethylbenzoate 2.0-5.0
4-Ethylhydroxybenzoate 4.0-6.0
4-Aminohydroxybenzoate 2.0-5.0
uanalau (lactones) Butyrolactone 50-60
Ethyl-Y-butyrolactone 10
Butyl-Y-butyrolactone 0.2-2.0
asuszneuasusia 2-Pentanone 25-35
(carbonyl compounds) 2-Octanone 3.5-4.0
2-Decanone 1.0-1.5
Cyclooctanone 2.0-4.0
Wuea (phenols) 1,2-Dihydroxybenzene 5.0-10
1,3-Dihydroxybenzene 5.0-15
1,2,3-Trihydroxybenzene 6.0-8.0
AIIUBITRS 12-Crown-4-ether 12-15
(crown ethers) 18-Crown-6-ether 0.5-0.7
Dibenzo-18-crown-6-ether 0.01-0.013
danasun (alkaloids) Caffeine 0.2
Nicotine 0.019
Atropine 0.1
Cocaine 0.5
Quinine 0.01
Strychnine 0.002
Morphine 0.5
Cholcicine 0.01
Uszquadlany KI 6.4
(metal ions) CaS0q 3.7
MgS0q4 4.2
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Wilndildsauuannisgoalusiu (bitter
peptides in protein hydrolysates)
dufinsufuitansvane 9 viefeglu
smsiinaresaviienms wu wWilng saudlng
Wueyiusvedusiusaznulueimisuinuig
wanewdnsIunIe1msAlEa1nnsEUILAT ST
#r0 ldun Tlay veadundos vivad tnlnz
Andlozyd (Uaruraduu) Fa wazann Wudu
n1sgeglusiumeteulyiilusfeansanisnin
ShagiliiAnsavuiosnainnisleudlnasavy
Tusgminanswinuienistestiu Tl a.a. 1952
AN1sAnwINUIN NMsUpElRAAULAEIATUTNILAR
savuiiguilnalitureu uisavuainnisdeniady
arunsavinlranadlaeldaruiugiug lneaiuiu-
fudagiivszansamlunisaaduidindsavula
Jusehei annnisdanadssdunuin savutiu
Tauandlnauinnitnsaesdludasy wagiUu-
Indaranusngaduldluarsgaduiilizoud
wonanidafisneauin savdusniidudialaluda
Aosavuiioswa1muUlng 9929531379
5¥EELANTUNTANUEAYUINGREAA1NTTY
nandadaldsuanuaulannduiivey Wudinsiu
AUDENTALIULAIIN LATUITNENTAVUATYNAS
nsties TfslusAuiigngeslneiouleslusilea
szt liiAnlaseadavesansildsasuiane
AuantAvesavIALUSAUT
yoslusiunasioulusifidosiu nansaand
U

CY @ [ A Y a
nsndnuuandnliiluniuveuvesguilan

!
a

- =i T s ag v
WHesannsavuiindudsnasidulnanldsavu

Juag®

a

NANAUINDNABI A SUAIUTYULINLNG Y

a a

Wuwnasvelusaudildanfiafindesinie
Tnglanzedredwaedesiulsaiosasing q
NUITYNUIT N1TAATUIALATIASIULAZAAIUIA
Imaqaﬁuaﬂﬂiauﬁ”smﬁawﬁm 115 glycinin lag
Teulodnsuduliiivuinanasluaig 0.36-2.1
Alamady Suavilninsav dalazdadudmn
yesUszmAguinnndivdesiignusinudedes
sreoulwilusfoaainuuaiiie Tnosaoud
Anduludalaylduiainnsruiunisdesiily
auysaivsemsusindlsiiisme ninesilufiveiy
Juanowdlndiinadosavudansliiiulaan
Uanewanadiu N-terminus (Uaneniegnuediy
a5y, -NH,) gn1991u C-terminus (Uanenanu
nsnAsuendan) vealulna®
savuvenlUlndluegivydnes
nsnosdlufiuisesuduaioUlng Insdufe
nsnezdluiifnanesavuveaddlndlasnss win
Tnssafwesdnduintuiinsnosilulnsduay
FroaziinaliAnsavy vonaninsmerilulnady
pranily 1au S0 InlsTu waziilasvanilu Al

drushbiinsavululassasiswaadulnala®

a1susznaviuaauazunuiunlvsavu (bitter
phenols and tannins)
a1susEnaunquilueinazllsavukarsanin
Fedlagluoinisuazinsesfuvaly o ¥ia
a1sUsznaunquilueiinluemmisiiinnnds 15 ngu
7 v = a [ =2 a s
wdluanavesiuednvunadnlusuianediues

A mdnluanavuiaivg Inenaislunguman-
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luseafe nquilvguasd1Ay g Fellans
117131 5,000 ¥8a WU Warliluw Wailiuea

fanlau lalawa1liu Waiwiu (AWNTY) wazhou-

' (%
aa o

Wilgenilu WWudu answediiueanTumminiuana

v al ] = a

YA 500 N3INAUGALURNY Ae unull

(%
o Y

ludiuvesansuseneuiluednnduminluanag
yurmanndwuildulisavudiouiu we
a1susenaviuednnidmdnluanavuinlveas

Wisann arsuszneuiluednduansidndngiiy

'
a =

wardnilaesssuyid JagnaialaeiiviieUesiu
A J

g - v ca -
Wolsa Usdn wazdnifuiosng 9 USuiw

a | o

a1suseneuilueanluivdniinaneseiuaaul
ailtladuunandu anewus nssen szduAL
wA-an anzAaInday FIRaNTEUIUNTUUTTU
Lazan TS Jedumariinanousunn
a15Uszneviueanlufiafedy savudildann
ansusenauiiuedn wu wwiediu [Wuaislisauy

I a

PiegunnlunaneUilandivausiudslunaldvina

Y

=

du 9 lnvunfunalarsusznauusdnazile

e

USunasunnlulaansaaningasenuinniniag
puluisndigou Fudainisuntdosudnnsan
aa I3 ¥ [ [ &

niinssensneenandnlilaendeandngity

v & 1 aa &
LAEARING ¢ @15UTTNOUNDANUDANIDAITNU-
Tudnavinliguamisermsananiesainluan
= a = I3 a

n13gaduveslusiurIesnman unudunuuin
lugy iy 1u 41319 gaides G1iuad Wy
nsenand nalil 1 1 wasiivilenldidueims
&n7 wananTN1sANENSUTENBULTITaUTENIN
wnudu WA ansynsonds wazauluiidoy

91msiinavilinaurvnsemsanasla?

arswanlausedilisavuluiivnsznadnis
(bitter flavonoids in citrus fruit)
Warlausealunalidnsznadnsa souds
Wahaluy (Wsuaw) walwu Qudediv) wasvlan-
Tauea (mediiv) sauransUssneuailaulng-
NBNTLan WY a1shnuleIAukazansiudiafiu
fogunlufitvewaliifidisounaziuanssavy
ogluthifuvousemevesnalinszgady wal-
uesFsavuignidestunuaiionseiinariily

a A Y & Ay AN a o=
3?15(]']G]‘?J@\TWSU‘UUINLUu‘Vlf”]ENﬂ'ﬁGU@QLLUﬂ‘VlLiEJ KN

£%
=

seiumnuvsvatalusedutuag futiinves
g1elnalalen @a15u15u3u Ae flavanone
neohesperidoside LLa¥ neohesperidin Falvisad
vuun luvasfiaseamnesiulufisavy d1u
arsillaweamesiulalalasualauluanslvsa
W asusududinnlulugeusaslunalsidi
de90u U%mmsuawﬁu%uiuﬁnaq’uﬁﬂizmm

a o 1 a 1

400 fiadnsusiodns widgywiAeninilueduuen

[

ganavzdnariiliuiunuusuiugetuunis
1,200 fadnsusedns 1¢ Fefinaliiieduduilsa
yuaulifuiiseniu uenmilonnuaveanisugn
sosauuLds nsvvrunsndniinaldfifinasosa
vusnowuiy Alududaduarslnsmesu Adu
anslsavuluseninanszurunisndntwald
psznaduieuiy uonntassaduveddliiu
felufisavfudazgnuandassainiileidodign
vhaneuazidsulassairaduansaludu vilviaa
savudu anslsavalunguianlouesduasala-

& & o w 4
wosmdulgymidrdgylugnamnssunaldnsena
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du Falanunergulunisansavalunaldnszga

dulpenN15anunIavdInaNsUSUIULALALLTU?

a1sUsznauTlusdniiliisavuluruazdoninuan
(bitter phenolic compounds in tea and
chocolate)

g15Usynauiluedan laun Andu
wazdfnnduiithnulue J9dfinunTuaylvsa
YUNINNI1ANNTU drulurnTerdnagny

1 a

A15U52NaUNDANUBaNITBIN LANAALaALNTU
4

Fatan vudendiuuazivsuiavesnindunag
liifalanmBunninvidiiayygvasdavinli
Hsavuurnnieie savdlugidunissiudinu
U93a151a1y q via 1Wwu ATy g1lUdu
ABU waznsaezdlu lnenslisasunsesacin
Turazduduruinlassadreviedmdnluan
av09a15ANNTU lneunfudrg1luiuaglv
anvazau drusavuludenlnuanliuiainaisen
mIudailogluuTuimgs winlnlAfiriy
Assuaumsndnfieassihuirfenlnuanasis
fnundu weduea wazweulsleendu Fweouls
lgerfudelnalalusvesueulslsedfuiduegiu
¥ma ansamduludenlnuanasiiiesavunay
sanI1uneUUatYy niesdavuLazsadin
nszuIuNsrTnanlnliayiliiAnlasaasnane
AluesveETANTULALIAAE1SUSENBULT IO Y
saufulUsaule n1seeususavNYInNISULnUD
wialnlAazdusinavesasfidaey wu Usuiw

ansusznauiuaanaasliiiu 58 Taansusansy

Y29N9tnlA @1swnuduliiiu 31 Jadnsusensy

9H9lnlA waza1sanAmTuliiiy 3 dadnsy
ADNSUYBINILALA UBNIINAITANNTUILIATAVY
Tudenlnuanwas Feilauidenuenii savuly
< a v al =

Janlnwanduisainlaainansanundu @155le
Tustiudslianuwarsavusiunulnaulany s7uds
a155lalusiiunvinugasensiudvansinalng
winsduluszninanishianusaudonlinuan 4

astadnlinesdulrdnuwaznauuean'?

d15Usznauiusansdvululidung (bitter
phenolic compounds in red wine)

arsusenaufusdnluliulidsunansnd

[
o CY

wtnluanavuaén fe awdu lUaubsansy
fuminlaanavuiatvg Ae wnuily n13suisa
VA A IALUSHUATITUAIINTNTUYRIANS

a

AwmTuwazwnuiiuluwdnedu a1susznovly
ngunlaluesdfiidmidnluanavuindn
a13AmTULaEBRA L TUILITAvLNININTAN A
uitnansidudnluanauindu Wy ned-wes
vosansaduasiUdsudulfsariauny Fay
asUsznounediiuealulnifiddiminluana
11131 500 1w wnuduluwdneuazlisadia
UINNINTAVY IINNITANYINITERNTUNIUTEAW
dudanudn ars8ianndululitunsaglisauy
LA TANIANINNTIAITAUNTY UnAkaIUTU
wodntuaduazedludig 2-4 TadnTudaniuves
Hoau eglsfinnufuealuliinanudonves
napiuUIzLIMSRaY 30 waziAINWAne{uios

a 70 AnenaaannIsuaniig Ysunailuedaniiod

Y

Tufwaziudnvedeuaunsawiingadudu 1,000-
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3,500 Haansumeans tuliuwng Nedadudu
NSLUIUNISHAAIUAIY NI1SARSAVNVD
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