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Abstract

Background and Objectives : Synbiotics is the combination of probiotics and prebiotics. Probiotics are good
microorganisms that are beneficial to the gut, while prebiotics are dietary fibers that cannot be digested or absorbed by
the human body in the gastrointestinal tract. However, the prebiotics are food sources of probiotics. Therefore, synbiotics
can support probiotics working more effectively. Sources of prebiotics can be found in agricultural products, such as
coconuts, artichoke, bananas, etc. Therefore, objectives of this research were to utilize community agricultural waste as
prebiotics for developing prototype functional food products. The raw material used in the study was “Khun Si Mo”
coconut meal (Ban Suan Nam Som, Amphawa, Samut Songkhram) in order to add value waste raw materials of the
community.

Methodology : In the present study, a commercial bacterium (Lactobacillus bulgaricus TISTR 451) was used as
probiotics for study, while coconut meal (Khun Si Mo) was tested for prebiotics. The coconut meal was varied as 0, 1.0,
1.5 and 2.0%(w/v) to select the appropriate amount for probiotic growth. Then, encapsulation efficiency was investigated
by encapsulation of commercial probiotics with 3 different biopolymers, such as 4%(w/w) alginate, 0.5%(w/w)
carrageenan, and the mixture of 4%(w/w) alginate and 0.5%(w/w) carrageenan in a ratio of 1:1. The highest
encapsulation efficiency and survival rate of probiotics were determined. To study the role of synbiotics on the probiotics
survival in functional food products, optimal content of probiotics and prebiotics were selected for encapsulation as

compared to probiotics encapsulation (control) in functional products (ice cream and salad dressing).
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Main Results: Coconut meal 1.5% was suitable for a growth of lactic acid bacteria, increasing from 9.88 to 10.10 log
CFU/mL. According to analysis, the encapsulation efficiency of 3 different kinds of biopolymers was found that the
mixture of alginate and carrageenan gave the highest encapsulation efficiency (95.63+0.16%) in correspondence with
the highest of survival rate of probiotics encapsulated with the mixture of alginate and carrageenan (8.79 log CFU/mL)
after incubation in simulated gastric juice for 120 min. It indicated that the mixture of alginate and carrageenan improved
the survival rate of probiotics. Therefore, the mixture of 2 biopolymers was selected for probiotics and prebiotics
encapsulation, and applied in ice cream and salad dressing. The results showed that synbiotics were able to maintain
the survival rate of probiotics in both products due to the presence of prebiotics being food sources of probiotics.
Conclusions: Co-encapsulation of prebiotics and probiotics could retard the death and enhance survival of probiotics
in severe conditions. It can also be applied in other functional food products, which were acceptable and good for the
digestive system of consumers.

Key words : probiotics ; prebiotics ; synbiotics ; coconut meal powder ; encapsulation
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Table 1 Lactic acid, pH, and total microorganisms of MRS with and without coconut meal

Lactic acid log,,
Treatment pH value
(%) (CFU/mL)
Control 5.19+0.00° 3.837+0.012° 9.853+0.019°
T1 (Coconut Meal 1.0%) 551+0.11° 3.783+0.006" 10.097+0.016¢
T2 (Coconut Meal 1.5%) 5.76+0.00° 3.760+0.000° 10.137+0.003°
T3 (Coconut Meal 2.0%) 5.64+0.11° 3.760+0.000° 10.126+0.004°

Note : “° The vertically different superscripts refer to statistically different average (p<0.05).
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Table 2 Encapsulation efficiency of biopolymer for probiotic encapsulation

Treatment % Encapsulation Efficiency (%EE)
0.5% (w/w) Carrageenan 84.43+2.05°
4.0% (w/w) Alginate 91.89:1.35°
4.0% (w/w) Alginate: 0.5% (w/w) Carrageenan (1: 1) 95.63:0.16°

Note : *°° The vertically different superscripts refer to statistically different average (p<0.05)
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Figure 1 Survival rate of encapsulated probiotics in artificial gastric juice (in-Vitro study)
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8n91N"197uY (%Overrun) 1enARs T laANTNNET WUINH %Overrun szannifaeay 34.59 (Table 3) T9HA6N
n31A1 %O0verrun aadladnsuvialil Aefasas 40-100 uazdnsnisaraaaaslesninagludaefeaay 0.75-0.77 dauaaw
ilnaalaAnsuns 2 ngulduansneiu Jaetlutoq 95-47-95.59 cP uananiuAdueslaAnanyiaan L* a* uaz b* 13 2

ngu fdAIndlAeaiy T auuansnmeads (p>0.05) Asuanslu Table 4

Table 3 Physicochemical properties of ice cream containing encapsulated probiotics and synbiotics

Viscosity™ Melting"™ Overrun™ Color™
Ice cream
cP) (%) (%) L* a* b*
Probiotics 95.59 + 2.20 0.75+0.03 34.59 + 0.97 89.92 + 0.55 1.53+0.22 3.43+0.15
Synbiotics 95.47 + 3.09 0.77 £0.03 34.59 + 0.91 90.01 +0.53 1.50+0.17 3.37+£0.18

Note : ™ There was no significantly different in the vertical (p>0.05)

Table 4 Sensory evaluation of ice cream containing encapsulated probiotics and synbiotics

Sensory characteristics

Ice cream

Color™ Odor™ Flavor™ Texture* Overall acceptance™
Probiotics 473+059 3.87+1.30 367+1.11 3.90+0.74 4.27+0.96
Synbiotics 4.80+0.41 4.30+0.96 410+0.74 4604063 450064

Note : ™ There was no significantly different in the vertical (p>0.05).; * There was significantly different in the vertical (p<0.05)
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Figure 2 Melting rate of ice cream containing encapsulated probiotics and synbiotics

at room temperature (25.0+1.0°C)
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' o

amwL?qndﬂuﬂziumuquLﬁﬂﬁ@ﬂlummﬁwiﬂﬁu (Figure 2) wAaena 13 AN AINNITNARBLNINATANLIN 8ATINT

arat0INanieflaAnINgs 2 nguiinanlndiansiunaanszazinanasieldiduean 70 wii ladfiaaauunnsnaii
n19adf (p>0.05) T9a0AARBINLNAAIANULALAYRIIN1TTUNTBINARA TG 2 nqud i A NLANE1eTUN9aD A

Aananalu Table 3

Y a S A = & a A o an
N@ﬂ@ﬂmum@hﬂuﬂﬁ%ﬂquﬂq?w@mi@ﬂﬂ?ﬂmﬁ\lm@ﬂq?l,ﬂ@ﬂi@ﬁL“]]@I‘W?VLUIQWTW]Nquﬂﬁ‘zuquﬂqﬁ‘ﬁﬂwﬂLL@zﬂNUW"ﬂ@\?

= o v & = 4 a A A - & a o
lodnan sAauanalifdiulu Table 5 lun1sAn NaTe9iuRa W luNILLUNNINAR AN TN RAaN 1 TwAasanEa N luTaAng

1 1 v dld =
NWHﬂWTM@MNV]N@QI‘lﬂ@ﬁﬂTN

Q

Table 5 Effect of ice cream processes on survivals of probiotics encapsulated

log,, CFU/mL
Ice cream
Initial After aging™ After churning* After freezing*
Probiotics 9.26 + 0.15° 9.26 £0.12° 8.63 +0.44° 7.07 £0.53°
Synbiotics 9.81+0.17° 9.81 £0.15° 9.10 +0.28° 8.81+0.22°

Note : " There was no significantly different in the vertical (p>0.05).; * There was significantly different in the vertical (p<0.05).
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Hlfunnuananaainiy 8.81 log CFU/ML wh liiibid1Aeyn9adia (p>0.05)
Aﬂl = = lﬂ!’ a = flﬂl A 1 1 1 a A a 1 :’/
Weansannfauiisuunnsdeqauristnvaeagsyuinangu inslulefnuaznqudululedinuusazdunaunis
wilsgl wudn wASNIzUIUNNTLN AuLTeq ARt ARat 1aengu InsluTaRnuazdululesnlndiAssiudTunuae
(36 (Table 5) wazawumaqauvisEnvaestrasngudululeAndBuugindnlungu wsluladinusliuansnmisads
(p>0.05) Tuauzudsnszuanisifunaznszuounisinliuds auwmeqaustnvasataingudululafndiFunngs

o o a

ninlunguinslulefned Aty 9aiia (p<0.05)

Table 6 Physicochemical properties of salad dressing containing encapsulated probiotics and synbiotics

Viscosity™ Peroxide value " fat"™
Salad dressing pH™
(cP) (meq/kg) (%)
Probiotics 79231 +£5.20 3.85+0.13 2.01£0.03 32.41 £ 0.97
Synbiotics 79235 £ 6.09 3.79£0.15 2.07 £0.01 33.09 £ 0.91

Note : ™ There was no significantly different in the vertical (p>0.05).

wananuLateInfinaatndinglulaAnuaznaluTefnii s dean R unian w0t ads (Table 6 LAY
Table 7) Lmz@mﬁnwm:mqﬂi:mwﬁuﬁmm@aimﬁm (Table 8) WU31 HHANMAABLTULALIAUIUNARA T laAnTN A
nadueatindinslulefnuasnilulefnlufnaseauiRguain e naesudnsneiinadndu (p>0.05) IAgIAANNNTIA
209TN A& AT 2 ngu atjlutag 79231-70235 cP AAautiunsasis (pH) ag ludas 3.85-3.79 Antwasaanlasd (PV)
ag/ T4 2.01-2.07 meg/kg wazifiunndasasladi aglutdas 32.41-33.09 (Table 6) AupnAundis 2 nau flduansingiu

A '

A AN L* WA 69.89-70.17 AN a* HANWINAL 2.76-2.89 wazA b* HAWNTU 29.98-30.11 (Table 7)
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Table 7 Color of salad dressing containing encapsulated probiotics and synbiotics

Color™
Salad dressing
L* a* b*
Probiotics 70.17 £0.35 276 +0.42 29.98 £ 0.15
Synbiotics 69.89 £ 0.57 2.89+0.29 30.11+£0.18

Note : "™ There was no significantly different in the vertical (p>0.05).

' o

Tupuginanistsviiunisdszamdndazesingadn wudn AmAnEuen1lsza MANTARuNAY 9615 uaY
AuTaLingPINYnad AT 2 nqutiu ldiAmwANANaneatia (p>0.05) Tnadaulug Wazuunansauluyne fu
a o o‘% o dl a = a 1 a o o‘gol o Adl a = a = 1 a ‘i’ ¥
weananTusihadnnENadadgululesn nannduaniuaiiadaniinealadinslulesniesedianes T9naasy
FuliAziuuANTa LA UNAUIBINARSTUTTRE T1Ta4 3.6-3.8 Azuuy IWRzuLLANTE LA UIATI AU NARS DITTDE lWTa
3.87-4.00 Azuuy wazlinzunua Nt uina Nt edndnitusiag lugae 3.67-4.20 AZULW UAATLUUANTELAUALAY
\Haduiaratinadns 2 ngu HANLANENNNEDR (p<0.05) InsAzuuuA NI UA UATeINARS et lutdas 3.87-

4.53 AzUU LaTATLBLANNTa UM WA ATeNAn DuaTag utag 3.33-4.27 Azuuu

Table 8 Sensory evaluation of salad dressing containing encapsulated probiotics and synbiotics

Sensory characteristics
Salad dressing

Color* Odor™ Flavor™ Texture* Overall acceptance™
Probiotics 3.87+0.83 3.60+124 3.87+0.74 3.33+0.90 3.67£1.05
Synbiotics 453+0.74 3.80+0.77 4.00£1.00 427+0.70 4.20+0.86

Note : "™ There was no significantly different in the vertical (p>0.05).; * There was significantly different in the vertical (p<0.05).

annsaeszdEnnninglulesnluinadniia 2 ngu Ae nguinslulesnuasnguiululefinudsanniiuinenlu

° o

Fuiiu (10 agAareg) Lunan 14 54 wudn ﬂ?mmﬁ@qauﬁfhmﬁq 2 Qs anasae N liadAtnieaiia (p<0.05)
Teludu 7 won 1Bunandeqdurisanauantes Seilisunumeqaunitaainguinslulafinanasain 9.85 wae 9.63 log
CFU/mL luanuznguiululeAndiiunnuiieqauvisdanasain 9.86 1ae 9.73 log CFU/ML usiluiui 14 aaenisiiuiinm
fiunnteqaunstaasnguinslulafnuaznguiululefnanasmae 9.01 uay 9.37 log CFU/ML ANNATAL
N « o : g oa e A my -
wananiluwsazduaesniafiuinmg wudi BuindeqdunsdaesngunslulefinfiAdeandingudululesine

1 A o A

el A ATyn19adia (p<0.05) Tnatiunndaqaursdlunguinsluladinuaznguiululesnlundnsefiuine 7 4u

q
b3

wsn HAWINAL 9.63 waz 9.73 log CFU/ML ANaAL wazludui 14 Hffunnudeqdunsdlunguinslulafnuaznguiu

luTefnwindu 9.01 waz 9.37 log CFU/mL AAsa1sL (Table 9)
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Table 9 Probiotics in salad dressings containing encapsulated probiotics and synbiotics during storage at 10°C

for 14 days
log,, CFU/mL
Storage (day)
Probiotics Synbiotics
Day-0™ 9.85+0.04° 9.86+0.03°
Day-7 9.63+0.02° 9.73+0.01°
Day-14 9.01+0.03° 9.37+0.04°

Note : **°The vertically different superscripts refer to statistically different average (p<0.05).
"™ The was no significantly different in the horizontal (p>0.05).

* The was significantly different in the horizontal (p<0.05).

ANNANIIAIIRABLANNINI AU AT lunadadunuanlneinunszuaunamianae lsdigauunil 70 89m7

ALY E WK 30 WA WA NI NgUuY LY (10 asAgaEaa) 1Wwnan 14 94 waziIn1Inagat AN INNINAIY

v
a o a a o

AUNTHANNNIATT N, 672/2547 (789 NIATFIUNAASTUITNTY “UIAAR" RaBATzEziaaT 14 J1 wudd qaurEeianum

ladifis 1x10° CFU/g, Escherichia coli fiagingn 3 CFU/g dauElds wazsniieeindn 100 CFU/g wanannsiuluinuiia Saimonelia

Tusinaging 25 NN wae Staphylococcus aureus TupaaENe 1 NFU

39150iNAN15IAEY

Awau170 lun 12 Tuns luTeAnyean1nuswiee

o o

uﬁuﬁ@mﬁﬂ?mmmmLmﬂﬁﬂmmdﬁummu@msmﬁﬁﬂmﬂmm\imﬁﬁ (p<0.05)

o

NIFFNNINHNENFIININUGY
d‘ v a o‘d’ 1 U a & v
Wasanninueniaduasdszneunedutannlesd Tedoulungisnauseunuiuunediues feaas 61 uazdautlsznay
PR P a ac o
Mwae laun waglas nuanla-nglauuuuuu nglaunuuuu azsdluusuluniuanuny wazensidendlaniwanunu
(Sunna et al., 2000; Khuwijitjaru et al., 2014) AetiunIndznFanianaslueimisaesmaqaunsdaaiuinasafuou
(wsluTadn) llatiuayunisasyaesnslulesin Gvasnadeeiuenuisbaas Nijantuk et al. (2019) NN N9 lda1Ws
luTafinlunisdaainnisiasoyresqdunstanewug Lacobacillus acidophilus TISTR 1338 Tnanudndoulanlaainnis
d’l a a & a a dld a a a a dg/ a ‘dl dg/ 2 1 [ o
WNzIALNqaREtRARNIawananinisAnanIng lulamnacluiArgeauuariataauidunsaiuin ausaeduiiy uazd
AanAABITUNNIIARY8Y Abbasiliasi et al. (2019) NN ldnawtaalssnainainnInuznd1a (CKC) arunsnnsesunis
winanuaulnslulefinuaznisudansanadnaiiulidn uazdidnaninazgninldldidunslulefinaiialudls nasms
o , \ a a o = - a e a o o = a A
NNNENFIUIAILAFRANITLATY BRIRA UV LUYN VENLHUE taeviEusANN NNz niaReFaaay 1.5 HiFunnuqauvsd

NRANIALANANYIANNAZIEA WL 10.14 log CFU/ML uslilaiinisanaininueniianaiiuiesas 2.0 H15u10qauyise

A a a & v , e = = A a ae a aa a o
NNARNTALANANAARILANUAL LN1NL 10.13 log CFU/mL sﬁ\?@qqllN@quqﬂﬂq?Wﬂ@uW?ﬂLQ"J‘Q_’W]NT—W?LWNT—]']T]N&W?T]NQ
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v
o =

Py 1% - . a & P o a a A ey -:‘ll & 9
Faraz 2.0 1ingszazugnils (stationary phase) Tnaifinauldannnisdudanisiasyreqaunatiaansiniaus] vredae
1% H 1% . e o .
ATHLAUNINNIENIN (stress) AMNUUALLATEaCDANDE (decline phase) WAZLTIAANNNTE@AEFAI (autolysis) Mckane &
Kandel (1996) satiuninuzniineavin llldiduansnd lulefnfivnnzan Ae szausesas 1.5 1891541R9819N741A0

Use@nsnnaesasi 4 lunsviesiuinglulasn

nsldanrazanadaaunduduianas 4 asrtanen uazn1sldansazanalulanadmanaussuineasazans

o

aawmduduianas 4 uazaraauuududuiasas 0.5 Walsraninnlunisvedininslulesineg ludasfenas 91.89 -

'
o

95.63 TeunenndetuBsiAdtau Ui Wedadildanasazanasadumiuiilssavanmlunsviedy
lsunnnanfeaay 90 (Leong et al., 2016; Naranjo-Duran et al., 2021) Iagl Muhardina et al. (2018) W31 Hiatindiaad
tananlTAeLsaRuAdLduanay 1-4 arunsanuniItanseuesnsaluIE R I LN YN za g |8 (Allan-Wojtas
et al., 2008 ; Annan et al., 2008) Lmzﬂ"\aLﬂu‘ﬁﬂNzﬁi”wmﬁu@ﬂﬁﬁwﬂnﬂmLmﬂﬁﬁ?ﬂhﬂﬁgnﬁﬂmﬂmnm%ﬁiﬂmmmu
Isiduetnad (Kong and Singh, 2008) %n%ﬂsimmmﬂmiﬁuméw’%aﬁwﬁhﬁmﬁ@mﬂulﬂmmi (Gacesa, 1992 :
Brownlee et al., 2005) iflesangaaiumlsznandat D-mannuronic acid LAy L-guluronic acid Feflnasansdenladiy
wpaidenpaelss d1panududuaas D-mannuronic acid waz L-guluronic acid 7ige fazdwalfidamaiinauudause
Aty nesaawmidufionlunivingdatadiaadmiuenis fesannanudeluiaeg wiaoududusnlssanmn
feuas 1 NAN (Sheu & Marshall, 1993; Champagne et al., 1994 ; Roberfroid, 2000 ; Burey et al., 2008)
TuanefinigldansazaneluTone e fansHansTMiniaNsaza s S aALLALAZAN 1AL AN s FnE Annli
nsvietininslulefingegn (Fesas 95.63+0.16) Lﬁmmnmm?@LLuuﬁmmmuwmiuma*mu@umi‘ﬂ@mﬂ@iﬂﬂmﬁqmw
s 1R Heniinnldlunsnasiaudannuazveinansdn Ay i anslinausa eluledn uazieulas (Tosa ef al,
1979; Chakraborty, 2017) Tpgniafna sazangatauLadlllanluan saza a8 AR uAA Tt AN LT LT84
ﬁmm’miﬁﬁfmmiﬁj‘@u%m@wg sulphate (5=0) lulassaFreluianarasarsranuuiumy carboxylic (COO) 184
Tnssairsluianadaiuadaaiuszlalasauszinetuiana i lilassadreesdndinnuudousidu feduduldannuaise
284 Postolovi¢ et al. (2022) ﬁwudwﬁmﬂ' sulphate (S=0) wazuy carboxylic (COO) e TuianadaaLue luaTar AL HaN
%qmwﬁmquﬁu‘lﬁmﬂ%m’?;m Fourier transform infrared spectroscopy (FTIR) Tun1smsaaay

a a o e ¥ =
n’liiﬂﬂmﬁi"ﬂmfwﬂufﬂmﬂ‘ViQﬂ‘wﬂ‘kmZUU’JEIEEILWEIJJH@:LW’I:E’)WI@

Na a 4 v a - T = Y o
ﬂqﬁ‘?ﬂﬂm’]mm@QIWTVLUI@ﬁ]ﬂmqﬂ'ﬂﬂﬂﬂ\lm')ﬂ@'ﬁ‘@z@’]ﬂiﬂt@v\l@@LN@?N@NIHH']H@FJL‘I/]ElﬁJﬂﬁ‘zLWqZQ’]ﬂ’]ﬁ‘ ADAARDINL

'
o A

Hateatss@nininnisvetininslulafindnaansazarananssinanalidesiu Gengaudliiiud nslutafindaanauns

v v v %

lun1segsangeiuiiagniedusiaaaisazans nanszndedaauniuaaLuL Inefseuimauiunisveindos

Q q

anrazanelulanediafiNeaasinaaeg T9AuNLdasaresdngi laannnistlas il a9red81 98z AN AN LUNANIANN

o &

U dnus (interaction) szxndneluianazeanedusannledtuiusslalasiauszudnaluiana (intermolecular hydrogen

bonding) 14184
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msilseginellgaulyledn lunaasineie s

am31N193U (%Overrun) 1aINARSTTU L ANTUNZT WUINE %Overrun ANNTAT %O0verrun aa4lasnsuiialilde
Faeaz 40-100 duillean1ainauinuazlsvdnininaeansesiuladansu nstfuszudng Churning eeinedne) azvin il

anagnind ) luilieleananlides dsnaliilaAnuiien %overrun A0 uazdmaNIUdUda (frozen rate) 209HARI AT

|
e

AFq1u aelaAnduANA1 %0verrun AN AT URUINTEINBIa ATy AN X ladnsuTAN k Wsedudss@nsnig
dnelaumuFaungandn (Clarke, 2004) Al laansnazududslaloau ifauanuiudsauiaiianndiuaziiloduda
~ ) | A @ @ ) A aAa Y
\Haundn usnnsazanspeslednanfaziiandnlednsuinien %Overrun gamat
) . ~ o o g v @ ) a P
gounszuauntstiuleAnTuuaznITUIuNNTIRan1 W udsdenasaniranasreatFunuinsluledin wWesann
nszuaunstiulesnsn iwadresdeinslulenazlafuumdunuinngeiuaagainuaniiude nsuiaiduiinain

Aonsfiuasiiuanmgreasnisanauwamansluledin (Sheu & Marshall, 1991; Tamime, 2002; Mohammadi et al., 2011)

1
a o

LATEIRDAARBIAUNIIANEIT89 Hekmat & McMahon (1992) N%11N13ANHINNSNATDATBILLATNBLLNARNTA LANAN
ngw Lactobacillus Tunansineiladnsa uaznudnanuiueeqauvsdrss-anasat1eseiiasluszndnenisfiuinegm
1 a = a o a 1 U 1 al 1 a a o & Z’, d” d‘
winainns lulesnaslunanduinsluledinlunisiedu daainnisagsenuesinslulafinlundndinefaimis natiliasan
v ' a a a o aa a ) & o =
nsvetiusanszndnand lulesnuasinslulefindosifulgansdinuesinslulafnlusendnaniafiuine Seanaiuuns un
A a ] - A o a a a o ¥ 2 o g o
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a_ aa a o > N e a = a = A a4 2o . o
ﬁ‘@®°1|@\‘1<|:W?1‘].@@[5]ﬂ‘V]lléluNZ\]ﬁ]ﬂmﬁ/ﬂ,ﬁﬂqﬂﬂqWﬂiﬂmﬂmsﬂmﬂﬂqﬂmﬂu@Zﬂ:‘WiVLUI@mﬂLWEl\‘i@il']\‘iLﬁf_lq @ﬂmﬂﬂqm'—]ﬂqﬁ‘ﬂﬁmﬂﬂ@\?ﬂu

fURIIBAINANINUIAFENNTULI Bt an1azngadndulunszinizeaing Geaenndeiunadnsnisatsanaas

Tnslulesnlusnga e ignnIZIN LM A9 UN WA T 951

v |
& o a a =

AMNUANIINIIAADURAUYTETIUNA IuNARTuINadn wanslfiiudnandneiinadninanianonlaensdy

a

Tnefqaurseianua ldiAiuNIAsgIuAINANI AT g UNART T UIadR (NN, 672/2547) Hnun wazlinuide

9
d‘ 1 v a . a o & d‘ a o 6_9‘; o a <I> 1 i‘
fnaldiinlsa Saimonella, S. aureus uaz E. coli Tuaaninaf iiasannuaniusiunadanl A pH A1nen 4.6 39aanuiilu
! o Ao o o a A - \ 1 a  aedy v
n3AAY (pH) aavasiulasaniaoudrAtysanisasyaesdasuazianiununisuilausesqaunsdladsasnig
T9A1 pH Miwunzan Ae 3.5-4.0 TnafiAn pH faandn 3.5 snsnnsasyeestdiazanad wazanansn lldugenisasyaes

a = o‘d‘ 1 v o %’I v v 1 1 d’l o v
‘ﬂ@u%?ﬂ‘ﬂﬂ'ﬂtﬁ‘ﬂiﬂ wazdsznauiuiadadudunszuun i@ szaunnalan ledaae

a71nans3e

o

nnuzwinugaudndeaiunsniiunldlunisdunilulesinls Taadsuiunuunzanassninuzniiong

Q

Ao 1y P a Ay o ¥ 1 . o = a o , P 1y a
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o

289N INHEWEIRUTUAY
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