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Abstract

Background and Objectives : Cleistocalyx nervosum var. paniala, commonly known as “Ma-Kiang” in Thailand,
belongs to the family Myrtaceae. This plant is a small to medium-sized tree found in tropical and subtropical
regions, particularly in Southeast Asia. It has gained attention for its edible fruits and bioactive compounds,
which are associated with various health benefits. Its fruits and extracts hold promise in health applications,
particularly as natural antioxidants and anti-inflammatory agents. Ultra-sonic processing involves the use of
high-frequency sound waves (20 kHz to several MHz) to generate intense pressure waves within a liquid
medium. This technique has found significant applications in food processing, including fruit juice production,
due to its ability to improve extraction, enhance flavor, and promote better preservation. The intense shear forces
and heat generated during ultrasonication can also inactivate microorganisms (bacteria, yeasts, and molds) in
fruit juices, improving the microbiological quality and extending shelf life. This, however, depends on the
intensity, duration, and frequency of the ultrasound treatment. Ultra-sonic processing is considered another
option for fruit juice processing, as it is a novel technology that can better preserve the bioactive compounds
and antioxidant efficiency of the juice compared to heat processing. Therefore, this research aimed to
investigate the effects of ultra-sonic processing on various qualities of Ma-Kiang juice compared to heat
processing.

Methodology : To prepare Ma-Kiang juice, fresh Ma-Kiang fruits were harvested, washed and drained before
refrigeration at 6°C for 2 h before processing. The extraction of Ma-Kiang juice was done by extracting the Ma-
Kiang fruits using a juicer extractor. Total soluble solids of the extracted juice were adjusted to 16°Brix with

fructose. Ma-Kiang juice was processed using a High Intensity Ultra-Sonic Processor with a frequency of 25
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kHz and 20-80% amplitude for 30 min and heated at 80°C for 2 min, then immediately cool it by immersing it in
an ice-water bath for 5 min. All processed samples were stored at 4°C prior to analyzing their qualities. Physico-
chemical qualities of the treated samples including color parameter, viz. L (brightness), a* (redness/greenness),
b* (yellowness/blueness), C* (chroma) and total different colors (AE), viscosity, total soluble solids, pH and total
titratable acidity (TTA) were investigated. To study the health benefits, total anthocyanin content, total phenolic
compounds, and antioxidant capacity, viz. 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging activity,
ferric-reducing antioxidant power (FRAP), and 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS™")
radical scavenging activity were also assessed. Polyphenol oxidase (PPO) and peroxidase (POD) activities in
the samples were monitored, and the residual of both enzymes were then calculated. According to the Thai
Community Product Standard for Ma-Kiang juice  (TCPS. 484/2014), some indicator microorganisms, viz. total
plate counts, yeasts and molds, coliform bacteria, Escherichia coli, Salmonella, Staphylococcus aureus,
Bacillus cereus and Clostridium perfringens, were determined.

Main Results : From the experimental results, it was found that the brightness value (L) of the processed Ma-
Kiang juice decreased after being treated with heat and high-frequency sound waves compared to fresh Ma-
Kiang juice (control). It was noticed that when the intensity levels of the ultrasonic frequency increased, the L
values of the samples significantly decreased. The heated Ma-Kiang juice had the lowest redness (a*) and the
highest yellowness (b*). For ultrasonic treated samples, the a* and b* values tended to increase when the
frequency intensity levels rose, which correlated with the values of color intensity (C*) and total different colors
(AE) in the samples. The viscosity, total soluble solids, pH, and total titratable acidity of the processed Ma-
Kiang juice using heat and ultra-sonic processing at different frequency intensity levels showed no statistically
significant differences when compared to the unprocessed samples. Samples processed with ultrasonication
still retained high levels of bioactive compounds (total anthocyanins and total phenolic compounds) and
antioxidant capacity (DPPH, FRAP, and ABTS™" assays) compared to fresh samples, and they contained more
than that processed by heat. The activities of polyphenol oxidase and peroxidase in the samples decreased
after processing. Additionally, it was found that heat processing at a temperature of 80°C for 2 min and
ultrasonication at an intensity level of 80% could inhibit indicator microorganisms related to the sanitation and
safe consumption of Ma-Kiang juice, bringing their numbers below the standards set by the Thai Community
Product Standard (TCPS. 484/2014).

Conclusions : From this experimental research, it can be summarized that processing Ma-Kiang juice with ultra-
sonication at 20 kHz, with an intensity level of 80% for 20 minutes, was the most optimal condition. This method
can better preserve various qualities and bioactive compounds, as well as the antioxidant efficiency of the

product, compared to processing under other conditions. Additionally, it can be suggested that ultra-sonic
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processing was another option for fruit juice processing and can be commercially utilized. For future research,
sensory evaluation may be required before the technology is further developed industrially, and the effects of
ultra-sonic processing on the shelf life and other bioactive compounds in Ma-Kiang juice should also be studied.

Keywords : Ma-Kiang juice ; ultra-sonic processing ; bioactive compounds ; food safety
*Corresponding author. E-mail : pittaya.chaikham@gmail.com
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pANAIAL drufunisudegilaneaninian shusieaiieiealdun 250 fadans U399 lugenuANFauTiingan
i (retort pouch) WArnFaudangraindan AUgUNYHATINA1NN8 Uiy 80 avAaldaa uaz iAoy
Sou o qruvnRithunan 2 wifl arndwinlidwisiilaanisuglugrahuaniuds Wunan 5w dhiaedad
timmmﬂigﬂ%wumiﬂﬁuﬁ@qmugﬁ 4 peAnaaLdas newinlUBneziannin

2. N179AAYR KAZNITVATIZINIAIAINNTLA
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o

TRANA L, a* uaz b* 209UNLRLIAARATNHIBNTws31AneLATas Colorimeter (Minolta Chroma Meter

1A

CR-300, Kyoto, Japan) IneiAnd L tuaAAnuadng (lightness) And a* iuAdwasuazdidian (redness/greenness)
| LA A a8 a Y e ' o =

WAZANA b* lUANAMABILAZALNEY (yellowness/blueness) AMNULATUITUNIATAINNLIANTDNA (chroma, C*) LAy

ANAINLANFAN9TR9RYIUNA (total different colors, AE) ANN&NN1T (Chroma value (C*) = [(a%)° + (b")°]" uay

Total different colors (AE) = [(AL%? + (Aa*)? + (Ab*?"? pua1sL kazdmsnsimnaIanNuilinredsaasingsas

LA389 AR 2000 Rheometer (TA Instruments, Inc., New Castle, DE) ANNATURY Chaikham et al. (2016b)

3. N3RPT FuN e uTNaza18 [BY9UNA A1 pH kasLFN1aunsaf lauaIn laviavis

AnmzvindiunuresndaiazaneunlavianunaesfiiatnemaaLATes N-10E Digital Refractometer
(Atago, Japan) 1LAT1=W11 AN pH faelLATeY Sartorius PB-20 pH meter (Sartorius, Gottingen, Germany) kas
Ansziniununsanlamsmlansunnluginaa@issn (total titratable acidity; TTA) m335 AOAC (2005)

4. N13RATIZIMIAINANTIN e [T TWAN WA AR BN T ALAZIL /A TaaNTiIAg

4.1 N9ANAAIBLIN

UFAE19NT 20 AARART NANALANTAZANENENTZUINNE1782ANE sodium hydrogen phosphate buffer
(pH 6.2) A2 NLdNdwW 0.05 Tuans Laz@19azane sodium chloride A LdNdwW 0.1 Tuans UFunms 50 Hadans
A daunaN g e ada e AlesnauTiAA oL 100xg a1 20 w1 hinaeaREnunsania
Mm%mﬁlmmﬁfui@u 4,000xg 1149481 10 W9 (Apichartsrangkoon et al., 2013; Chaikham et al., 2016b)

4.2 nMramrziAInansInyeaen s Twanueasanding

thansazansdauladuuniiainldainda 4.1 11 0.1 TadaRT HANTUANIAZANEHENIZUINIANTAZANE
potassium phosphate (pH 7) UTN1m3 2 HaRART WaTa13a2ae pyrocatechol AKLdNdY 0.5 Tuang Usunms 0.4
Hanans uanlidiu mni’fuﬁﬂﬂd“mmrﬁhﬂW?@Jmﬂﬁuumﬁmmmm?{u 420 wiluaims e 5wl daeieas
Perkin Elmer UV WINLAB spectrophotometer (Perkin Elmer, USA) mﬂﬁuﬁﬁm uuAfanssNyegLe eyl
nanueaeandina (Apichartsrangkoon et al., 2013; Chaikham et al., 2016b)

4.3 nAIziAIRansINTeaew Il faending

Bhanrazansdonladuuuiainldainde 4.1 w1 0.1 fadans nanlfidTuiUa1 T8z E NN
a13azan8 sodium acetate buffer (pH 6) AuLANTW 0.01 TNANT @1982a8 hydrogen peroxide AN NT 0.1

¥

wWefidus lnad3uing Usunmg 0.25 Jadans wazd17a=ane guaiacolpotassium phosphate (pH 7) AANNdnNd

b

0.5 wWafidus Tnainwinsasuing Usuias 2.15 Hadans aanduwilddanAinisganaunasiannnuenana
470 W Tums 1WA 5 W17 AqaLATes Perkin Elmer UV WINLAB spectrophotometer a1n31A1 142 81N AN

Aanrureaenlifidefeending (Apichartsrangkoon et al., 2013; Chaikham et al., 2016b)

5. N13UATIZYVNLFN e W e lre N TurIuNA
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MAAT B ousnsuaulslaenfuianu (Total anthocyanins) lufaaging MA1NAEU8Y Chaikham
(2015) WAz Chaikham et al. (2016b) laatitlasinatinau 10 HadaATNANALA1IAZAE potassium chloride buffer
(pH 1) AN NTwR 0.25 Tuans Usums 20 Na8amT wazuaniud19azane sodium acetate buffer (pH 4.5)
Arnadudy 0.4 Wang 1Buams 20 fadans Taeldirteensadungn 20 un#t irdaetneitinunisaialy
ANTATANET 2 FRANINILANINIBIBILNTLATENTDS Whatman® 1UaF 4 mnﬁuﬁwiﬂfmmmmi@mnﬁuumﬁ
mwmfmalu 420 W lang 1waan 5w ﬁ"mm?:m Perkin ElImer UV WINLAB spectrophotometer ‘ﬁmmmfs
paw 700 unTuwns Lmzmwmm?{uqﬁ@m unnuueulslseniuimun fuanainanis Total anthocyanins
(mg/L) = A(MW)(DF) x 1,000/EL Tag MW Aa waaluianazasuaulslaeniiu (cyanidin-3-glucoside = 449.2 MW),
DF A@ A1 dilution factor, L A 1282 asdaqini (path length), € Aa Amolar absorptivity (26,900) LA A A8
A A

ANNNIAANALLANTIDIEARENN TeAunelAaInannis A = (A AN

max 700)DH1 - ( max 700)pH 45

6. N17ATIZYNLFNILA T2 NB LN YR AN IIUNA

v

n13ATENLTuN AN sUsznauWueAnyiavuA (total phenolic compounds) lufaatnevinmu3zaes
Zainol et al. (2003) laan19ilidmaaaznan 2 Jadans analuaniuaaaauidudu 100 iwafidus 1U5unms 8
fiadans 1wnan 15 und faetnaiinunisatallwaesiannuisise 4,000xg vuLaa 10 w1 41413
azanglaAuLuNT 0.5 NaRaRT NANALANIazaNY Folin-Ciocalteu reagent AdnaLdndw 10 iasidust Usuamg 2.5
Hanang e lidiu %ﬂﬁﬁ'ﬂﬁﬁ’]ﬂﬁﬁ?ﬂ%ﬁuw@ﬁ 5 171 uazaNUANATIAZATHANFIT8 sodium carbonate
Usnms 2 Nadans wanlidniu @ﬂﬂﬁuﬁﬂﬂﬁmmmm?@mﬂﬁuumﬁmqNmmﬁ'u 765 wiluns Aaeiares
Perkin Elmer UV WINLAB spectrophotometer ﬂ?mmmﬁﬂi:ﬂ@u'?\lu@aﬂ%\mmmﬁ’]mm’a@ﬂm‘lugﬂﬂmma gallic
acid (mg GAE/100 ml)

7. n139A1zYuLlse@nEnan lun1sA1 ue YL AR ATy

7.1 2,2-Diphenyl-1-picrylhydrazyl radical scavenging activity (DPPH assay)
N193LATIZNIAN DPPH radical scavenging activity %78 DPPH inhibition i1A1838229 Chaikham &

Apichartsrangkoon (2012) TagitinFas1esn 2 Jadans annluwuniues U3u1ms 8 Raaans tuman 15 wu1d

A o

et unnraia ldwnee A NETey 4,000xg 1wnaan 15 Wil dansazanelasuuunn 1.6 Jaaans

NANTUA19782a18 DPPH radical Avnaudugu 1.5 tulasluans Usu1ms 0.4 8aaans wwenlfidnny fanaldled

o |aaa i a9 ) o ] = N = Y
mﬂgmml,ﬂumm 30 UINNDIUNANUB antuin lUdamAnNisaanauLasinNE19AAL 517 W lums Ao

a a

\A384 Perkin Elmer UV WINLAB spectrophotometer A1 DPPH radical scavenging activity AU lAmINaNnT

DPPH radical scavenging activity (%) = [1 - (Abs /Abs x 100

sample comrol):|

7.2 Ferric-reducing antioxidant power assay (FRAP assay)
Tinfaatinenn 400 TulAsans nanfuansazate FRAP reagent U3u1ms 3,000 Tulasans nanlsfidnmi
UnlugeiraruANa A 37 asactaidaa Wunan 4 wiit dlidnAinisganauuassasiazas Perkin Elmer

UV WINLAB spectrophotometer f1A918e19AAY 593 w1luinms druiuganiunnldansaraieianiues Ay
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indu 50 wWasidus unumaetng AuItuAn FRAP value Tunidagl mg Trolox (TE)mI 2846aatne (Benzie & Stain,
1996)

7.3 2,2"-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) radical scavenging activity (ABTS " assay)

11419818 ABTS  manudndu 7 8adluans USunns 5 0adans naniugdnsazane dipotassium
peroxodisulphate A uLau 2.45 RadTuang Usuns 88 lulasans fisliTigaungivondunan 16 9alus a1ndu
Bandensteindulildrnududu whiu 1 fadndusedadans lushviavane dimethyl sulfoxide Arududy
20 Woddus wavansazats ABTS' fideansudrfuiinuzifes Tnglvivsunsgavnewiiv 2,120 lulasdas dildin
ﬂ'wmiﬂmﬂﬁuLLmﬁﬂmmnﬂSmﬁwrﬁ“‘u 734 unlulAs wa8LA3 89 Perkin Elmer UV WINLAB spectrophotometer
ﬁwuammﬂ’]sﬁuéy’aauu“aﬁaiz ABTS™ Tumnuag mg Trolox (TE)/ml 98318814 (Dajanta et al., 2019; Sudsanor et

al., 2023)

£
= o= o

8. N1731ATI 7/77/7’7@’71&9%@@%1’]5‘&/"179@

v
o o

mmmanmmmmm@um UM F;IZW]LLZ\] 71 uazlaanasu ‘EQNVN@’]HQWQ@LW] @‘L‘a‘mummm
L& Escherichia coli, Salmonella, Staphylococcus aureus, Bacillus cereus W8 Clostridium perfringens Tu
Fn8ti19M13AENIAT§ILE9 US Food and Drug Administration (2001) Asz/lilunmegunnsinsfquay (Thai
Community Product Standard) “ﬂf’m:lﬁm” (WpNT. 484/2557; Thai Industrial Standards Institute, 2014)

9. N7INUNUNITNAABN

NUIdBEINLNUNNTIAaBILUL4NaNY sl (Completely Randomized Design, CRD) NN19NARSY
NINNA 6 T1 AR IUTIU (ANOVA) wazitFauieuaadalnald3s Duncan’s New Multiple Range

Test (DMRT) NsxaLiladnAyneas 95 wafidusl

Results

1
a ' !

Table 1 wanuazaIN1sulsgtfoaAdnufeunaradudssnngesiar@esiiuzies Inanudn A

|
A

ANATNY (L) 2R9KNENENHAIanAAsaNiuNsulsgldne A nfauLar AR WAEIANND g o LT LTE

o %/ d+ < Y o 1 dl o ¥ dl dl =) al d?/ Al a
AUUINEINENAR (Qmﬂ')‘l_lﬂll) uazaziiuladndile seauAudure9AAUANN AL UANTUAE L azlANanas
o o aa H S A

gl A ATYNIealia (P < 0.05) winziasfiudsgddaasiniauiiAiponuidudues (a%) Afige uaziAtAN

o 1

P A = \ | A o o o P o o o LA
Lﬂu@lfﬂ@@q (b*) @JQV]E‘;@ Iﬁﬂﬂﬁ'ﬂmﬂLLﬁ]ﬂWq\i@ﬂq\?Nuﬂﬂqﬂﬂn_’lﬂ']_lmq’aﬂ']\‘iﬂu °'| (P < 0.05) a1%7UADLINNNIUNT
Y A o = . | | A o A ¥ A a & o v P
LLﬂﬁ‘gﬂmﬁlﬂmummﬂmuﬂ@\‘lwufs’l AR a* azAd b* m@ﬁmq@ﬂ'mﬂLL‘L&'JINN‘V]LWNﬁluqu?Zmuﬂqqﬂmﬂﬂlﬂ\?ﬂ@u
A aAa X . o« o o aa ° ! > = Lo J4 A
ﬂrJ"INﬂL'&ﬂ\?V]LWNTu@ﬂq\T ULIAN Q_,I‘VIN:N B (P < 0.05) L @ ANUITUUTATAMNNLLNADIA (C*) WL UNNSLNENN

'
A @ oo o o

uilsgfiszsumnnudurespaunauides 80 wedifud fn c* qeiign uwasiiduansneednadiddnmaad

o

=)

D
b

o

WawFaumeuiusaetndu (P < 0.05) Insffatinaiiiunisutlsgiadasanufauiian ¢+ luunnsineiusaagnem

D

wilsginszAuandnaaspauAuDides 40 wefidus atnalisdAtynialis (P> 0.05) LazWL9N WnNziNeNd

'
= o = = = o o

r;hummﬂsgﬂé’qamm%’@uﬁﬁqmmmﬂﬁhwmm@mmm (AE) NNNGA uasiALANFAeE N TEdATYNIa
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AN TUUNEURUAN0E19DY (P < 0.05) 9998911 A WiNzNasdIun1sulsglnseAumIduTaIAa
ANDLAEN 80, 60, 40 waz 20 iafidus AuaAL wananiuaINnIsAnEINaTedn1sulsgldta A nfeuLay
4 4 4 » vy . Y mvoa 4 .
AAWAEIANDGIABAIANUTATRIUNEINEN (Table 1) Wudn nsuilegilvis 2 3% ludfiuasianisulasuulase

ANuilnaassatinat el Atyneadia (P > 0.05)

Table 1 Color parameters and viscosity of fresh, heat and ultra-sonic treated Ma-Kiang juices

Color parameters Viscosity

Samples
L a* b* c* AE (mPa.s)™
Fresh juice 18.94+0.22°  3.27+0.16°  2.28+0.08°  3.99+0.16° - 6.60+0.35
HT 15.55+0.12°  3.14+0.04'  2.95+0.05°  4.31+0.06°  3.46+0.13° 6.43+0.27
US 20% 18.10£0.16°  3.34+0.11°  2.27+0.08°  4.04+0.12°  0.88+0.17° 6.51+0.42
US 40% 17.7140.12°  3.54+0.08°  2.40+0.04°  4.28+0.05°  1.27+0.08° 6.44+0.38
US 60% 17.16£0.29°  3.68+0.04°  2.54+0.03°  4.47+0.03°  1.85+0.16° 6.48+0.14
US 80% 16.24+0.24°  3.86+0.06"  2.77+0.03°  4.75:0.07°  2.81+0.29° 6.50+0.24

Means in the same column followed by the same letters are not significantly different (P > 0.05). ns is not significant. Means were

calculated from triplicate determinations with individual duplication. HT is heat treatment and US is ultrasonication.

Table 2 Chemical qualities of fresh, heat and ultra-sonic treated Ma-Kiang juices

Samples TSS (°Brix)™ pH™ TTA (%)™
Fresh juice 16.45+0.07 3.86+0.02 0.65+£0.13
HT 16.47+0.04 3.88+0.05 0.67+0.08

US 20% 16.42+0.05 3.87+0.04 0.65+0.05
US 40% 16.46+0.11 3.85+0.01 0.64+0.02
US 60% 16.45+0.09 3.86+0.02 0.68+0.04
US 80% 16.44+0.06 3.86+0.04 0.67+0.05

ns is not significant. Means were calculated from triplicate determinations with individual duplication. HT is heat treatment and US

is ultrasonication. TSS is total soluble solids and TTA is total titratable acidity.

A ) Iy o P P | :
@"Iﬂ“@ﬂq?mﬁﬂﬂ\iﬂumﬁﬂlu Table 2 WUIN ﬂq?LLﬂﬁ‘gﬂmQﬂﬂ')"lﬁJ?'ﬂuLL@:ﬁﬂ@uL@ﬂﬂﬂqqmﬂ@]\jl’l&lmN@F‘]ﬂﬂqﬁ'

wazuulasaastFunueesudsnazanainlaviauun A1 pH wazdTuninsadlamen ldvanumedralda g Ay

N9EDH (P > 0.05) aziulddadnAuaniiimn ldilasunlasiliasssiuninuiduresnauannd @ sl ALy
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Aanssnreaeuladinaiueasendiang (PPO) wazilaseanding (POD) TuinNziNeNan Wasinusine

frinunisulsgdaaprnfeunaradudsenaungauandly Table 3 Tnewudn nsutlsgddaaaiiniauuay
N 4 da A e & e aaa e o .

AMNTeIRAuA TR ENTIsTALENY 7 Auavinlinanssnreeuwlsdis 2 1fiadA1anas Inalanizetieds

Aanssuaaveulafilaseanding aziiuladndinisudssildaaminuiauaraunsodudenanssuaasaulaing
2 g1l launngauaslauan19ee e iEATYNNATA (P < 0.05) wATHBNFHUNILITEINUNN LN BN

1
al

nsudegudnunduldeananuigs wudn nisdudsnanssureenlaaiie 2 48n AszAUI9AINTNTIDIAAY

-

dl = < ca -:i IS ' o ¥ -:‘ll -a; a -:i o r_'ll 1 A o 0 o
ANNDLALN 80 1aFdus HA149NgA LasNALANANNALANNIINIAIARWANNDLAENNTLALAL ] DUNHULANATY

a q

NNADA (P < 0.05) Teaanpdedriunisvadvasataedienlniis 2 4iia (Table 3)

Table 3 Polyphenol oxidase and peroxidase activities in fresh, heat and ultra-sonic treated Ma-Kiang juices

PPO activity Residual PPO POD activity Residual POD
Samples
(Unit/m/ml) (%) (Unit/m/ml) (%)
Fresh juice 95.26+4.62° 100.00+0.00° 136.93+5.77° 100.00£0.00°
HT 39.94+1.21° 41.95+0.77° 23.43+2.82' 17.07+1.37°
US 20% 92.47+1.08% 97.18+3.61° 128.04+1.90° 93.58+2.61"
US 40% 90.27+0.71° 94.89+3.93" 125.1141.29° 91.46+3.04°
US 60% 83.49+2.03° 87.71+2.16° 113.93+3.59° 83.38+6.19°
US 80% 58.68+1.40° 61.67+2.64° 65.47+2.84° 47.82+0.76°

Means in the same column followed by the same letters are not significantly different (P > 0.05). Means were calculated from

triplicate determinations with individual duplication. HT is heat treatment and US is ultrasonication. PPO is polyphenol oxidase and

POD is peroxidase.

Table 4 Bioactive components and antioxidant capacity of fresh, heat and ultra-sonic treated Ma-Kiang juices

Total anthocyanins Total phenolics DPPH inhibition FRAP value  ABTS™" inhibition

Samples
(mg CE/100 ml) (mg GAE/100 ml) (%) (mg TE/mI) (mg TE/mlI)

Fresh juice 53.49+4.21° 346.18+13.07° 68.14£3.68"  135.07+4.09°  179.62+4.65"
HT 41.95+3.06" 319.61+12.28¢ 59.07+5.17°  113.68+4.67°  148.83+6.83"
US 20% 54.35+2.74° 381.46+10.26" 66.75+2.95°  141.33+3.80°  173.90+6.01°
US 40% 52.61+3.42° 377.83+15.19° 67.4845.02°  139.96+2.97°  175.84+3.47°
US 60% 55.42+4.51° 385.12+11.49%° 69.86+5.46°  140.18+3.13°  179.42+4.60°
US 80% 54.37+4.08° 394.57+10.83° 68.50+4.11° 139.30+5.22° 174.48+5.18°

Means in the same column followed by the same letters are not significantly different (P >0.05). Means were calculated from

triplicate determinations with individual duplication. HT is heat treatment and US is ultrasonication.
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\
= '

Tunnsaneilddnwnasesnisudegiion arufeunaradwdasanuigesieliuiuasdAtyuay

a
v

dszAnsninlunissnuayyadase ludaatraiinziias taun dsunaueulslaenfiuieuun dsuiuansilsznau

Wua@Anviauum A1 DPPH inhibition, FRAP value waz ABTS " inhibition a1n Table 4 wudn annaziildlunnsutlegy

1
v A o o

a dl 1=l ' dl = a ?.’/ o 1 ' A o
mﬂﬂ@ummmﬂmqﬂmﬂmmmﬂﬂ@ﬂuwﬂm*’umﬂa‘mmu@uiﬁ”[aﬁmuummm‘lumammmwummm

o

' |
A 1 a

n19alia (P > 0.05) WauBaumauiusietiean wisat1andunisulsslaaaanufeuiilumuenlslaeniiu

1 1
= a [l o A = o o 1

NINUAANTNGN WATHANWANANDE1HTEAATYN AT ANBNLUALAeE198Y (P < 0.05) wazwudn UFum
anstlsznaufuadnianualuiinzinaslAiniuet Jdad 1 Aynneadia (P < 0.05) iasaatinalunisuilegil

'
o 1 a

o A o 9 o o a2 L o
AEARILAENAINNDGY ddusnatneniunsudssdAteA AUl A slsnauWwe AN s uNARNgALAZH

'
o A

ANLANFAN WAt NI AN ATUNNaT AN AL B naufusaatnean (P < 0.05) admszintsydnsninlunig

o

v
o ' o

FUaLyABAse (3T DPPH, FRAP uaz ABTS™) 194690¢19%191un (Table 4) Wu41 A1 DPPH inhibition, FRAP

value Az ABTS' inhibition 283Anat 19NN e uN1sutl sgtlAos ARWAENAND YNz ALANNITNEAY

o o

laduanaeiueeeliadAnyneadfflanfauiauiufiaasdean (P> 0.05) uazliAuinndnsaagnefienunig

o o a

wlsglsnemanniauatinaiiad1Atynieatia (P < 0.05)

Table 5 Microbiological qualities of fresh, heat and ultra-sonic treated Ma-Kiang juices

Yeasts &
Total plate counts Coliforms E. coli Salmonella S. aureus B. cereus Cl. perfringens
Samples Molds
(CFU/mI) (MPN/100 ml) ~ (MPN/100 mI)™ (per 25 ml) (CFU/mI) (CFU/mI) (CFU/mI)™

(CFU/mI)
Fresh juice 6.48+0.95°x10° 9.86+1.16"x10° <3.0° nd nd 2.15+0.47°x10°  1.18+0.26°x10 nd
HT nd® nd® <1.1° nd nd nd® nd® nd
US 20% 1.56+0.27°x10° 6.53+1.44°x10° <1.1° nd nd <25° <25° nd
US 40% 6.49+1.42°x10° 1.0740.65°x10° <1.1° nd nd <25° <25° nd
US 60% 5.81+1.68"x10” <25° <1.1° nd nd nd° nd° nd
US 80% nd® nd® <1.1° nd nd nd® nd° nd

Means in the same column followed by the same letters are not significantly different (P > 0.05). ns is not significant. Means were
calculated from ftriplicate determinations with individual duplication. nd is not detected. HT is heat treatment and US is

ultrasonication.

HANFILATITIAUNINAIURaTadN e TusetnaianNe wanaly Table 5 Tnanudn AuauEuAuLeq

v
a o a

qauVTEIINA Basuarsn uazladnasu 99NNS S. aureus uay B. cereus TutNziNENan AL 6.48x10°

o '

CFU/ml, 9.86x10° CFU/mI, <3.0 MPN/100 ml, 2.15x10% CFU/mI wag 1.18+x10° CFU/ml AMNAAYU 491 E. coli,

1 1
a a o ]

Salmonella was Cl. perfringens W?QWVLNIWU Vﬁ/ﬂqqﬂﬂqi‘l,l,ﬂi‘gﬂﬁ’]ﬂﬂqqﬂéjﬂuLL@ZﬂauLgﬂﬂﬂ"]qllﬂ@]\‘i'w?5@'].”5]'1\7 "v]
] a Ao o . H S 4 o o P a A
WU ﬂ?‘ﬂ’]m@q@umi‘ﬂmqmmﬂﬂﬂﬂm?q@iﬂwuiuuqﬂzlﬂﬂ\?wNquﬂqi‘l,l,ﬂﬁ‘gﬂm"JﬂV’]’]’]Nﬁ\@uLL@zﬂ@uL@ﬂ\?ﬂ'ﬂ’]mﬂ@]\ﬂn

svp 80 wafidus IneianuiulaanasudAmn91 1.1 MPN/100 ml
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