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ABSTRACT

Kaffir lime leaves, an unique flavor spice, is widely consumed in Asian
particularly used in Thai dish. Due to the shortage of the leaves in some seasons, drying process
may be alternative way to solve this problem. Therefore, the aim of this study was to evaluate the
effect of drying techniques on chemical, physical, antimicrobial properties and sensory quality in
both old and intermediate stage leaves, and their quality changes during storage. In the present
study, three drying methods; microwave, hot air and sun drying were applied. It was found that all
drying treatments resulted in an increase in the antioxidant activity in both stages leaves
compared with the fresh one. DPPH scavenging activity (IC,)) of dried old leave sample with
microwave and hot air oven drying techniques was improved from 1.04 to 0.42 and 0.55 mg
DM/ml, respectively. While IC,, of sun drying was not significantly change (p=20.05). For
intermediate stage leaves, only microwave drying could improve IC,, from 0.66 to 0.05 mg
DM/ml, while hot air oven and sun drying did not change significantly (p20.05) from fresh
leaves. The total phenolic contents in dried old stage leaves did not change significantly.
However, the total phenolic contents in dried intermediate stage leaves increased from 176.80 to
231.44, 184.54 and 191.95 pg gallic acid/ mg after drying by microwave, hot air oven and sun,
respectively. Moreover, -carotene contents increased significantly after drying. The P-carotene
in dried old stage leaves increased from 16.82 to 93.34, 88.50 and 48.86 pg/g DM after drying by
microwave, hot air oven and sun dryer, respectively. Similarity the [-carotene of dried
intermediate stage leaves increased from 22.38 to 47.79, 37.99 and 32.41 pg/g DM after drying
by microwave, hot air oven and sun dryer, respectively. The dried leaves showed the inhibition on
Escherichia coli, Staphylococcus aureus, Pseudomonas fluorescens and Listeria monocytogenes
while fresh leaves showed no activity effect. The citronellal contents of both stage leaves

decreased significantly after drying, however microwave drying could preserve the citronellal



contents more than hot air oven and sun drying. Dried leaves by microwave techniques showed
higher scores for all sensory attributes compared to those by other techniques.

The changes in chemical, physical, antimicrobial properties and sensory quality
of both stages of dried leaves by microwave technique;—paeked, packed in laminated foil and
LDPE bags, were evaluated every 25 days for 175 days. The laminated foil packaging could
control the color change of dried samples better than LDPE bag. AE in dried old stage leaves
compared with the fresh leaves increased from 8.09 +0.28 (at 0 day) to 12.19 +0.15 and
15.93+0.27 (at 175 days) in laminated foil and LDPE, respectively, while AE changed from 1.73
+0.83 (at 0 day) to 14.73 £0.17 and 16.31+0.12 (at 175 days) in dried intermediate stage leaves
packed in laminated foil and LDPE, respectively. The total phenolic contents of dried old stage
leaves kept in laminated foil and LDPE reduced from 141.49 to 60.89 and 50.64 pg gallic acid/
mg, respectively during storage while the changes of 197.05 to 70.33 and 57.21 pg gallic acid/
mg were observed in dried intermediate stage leaves kept in laminated foil and LDPE ,
respectively. However, types of packaging had no effect on IC,; (p20.05). The dried samples
could inhibit E. coli, S. aureus, P. fluorescens and L. monocytogenes at 0 day of storage.
However, antibacterial activity decreased as storage time increased. S. aureus was the most
susceptible bacteria to this extract, while L. monocytogenes was the most resistant bacteria. The
dried leave extracts showed on inhibitory effect on L. monocytogenes after dried leaves stored at
25 days. The kaffir lime leaves packed in laminated foil provided stronger antimicrobial
inhibition compared with the leaves packed in LDPE. In addition, laminated foil could better
prevent the degradation of B-carotene and citronellal than LDPE. In agreement with sensory test,
untrained panelists preferred the old stage leaves. During storage for 175 days, only the dried old

kaffir lime leaves packed in laminate foil were accepted by the untrained panelists.
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Table 1. The chemical composition of kaffir lime leaves

Chemical composition Quantity/100g
water 571¢g
Carbohydrate 208 g
Protein 6.80 g
Fat 3.10¢g
Fiber 820 ¢
Calcium 1.67¢g
Phosphorous 20 pg
Iron 3.8 ug
Vitamin B1 0.2 ng
Vitamin B2 0.35 ug
Vitamin C 20 ug
Niacin 1.0 pug
Potassium 352 pg
Sodium 23 ug
Zinc 0.5 pg
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4.1 N3ZVIUMSINALRNTIAT U AN B (Autoxidation )
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L‘]Jl!ﬁ%”ﬁiﬂ’d?ﬂﬂlﬂ ﬂmﬂﬂﬂ AUVUHUDIDINIT  BIUWNAULBIAY ADANHUSTNIN
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Uszenndudaluduvesnau taznausavesdus Ina lumsinasendimdudionuioiv

@ A [l a I A = <3| v J
lugiuvznlaenliloglugiarsdumesiifen (intermediates) tazvzlaomiluoyiusvoinsa

@ a a @ tY IS aaa 1 a
lugiu Tasmsinavondimduveslui (lipid oxidation) 1u1gAse15znINe0NFIUIAZNIA

LY a 1A o a { o J Jd 1 Y o
lugiuiialipnarsaszniondluesnlsznevululu anaveslasnde lsneglu ludu i

9 a d' d' a aan a Y d’Q dal ] 1 di tﬂ'
Idommsinams@eugunn iiesnmanalfnseesndinduininaiuededeiios 1o
Aa o <3| J v v Y a a ] 1 A d?
pnisid lvdy Wuesdszneoududaiuema  9asIN1aAne eNFATUIZABE NN
IH09NIAn AT e1A0II09090YYAdHT (free radical chain reaction) Iasling lnnsiia 3
9
TunoU
9
.. . 3 4 a a .
4.1.1 Initiation Lﬂumumumﬁmﬂawaaﬁﬁz (free radical)

RH+ O, — R®> +ROL+OH°+H,O..ccoiiniiiiiinn (1)
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< aaa 1 4 a
4.1.2 Propagation u1l§ATeneiiioaveeyyaddsy

R°+0O TP RO, 2
RO, + RH—» ROOH+ R®......iiiiiii, 3)
Branching

ROOH —» RO 4+ OHC i 4)
2 ROOH — ROO° + RO® +H, O ...oooiiiiii, Q)

. . < aaa o Y Ao Y Aa 2 1 A
4.1.3 Termination 1Hulfnsendugaieiildasinadu ludueyyadease

(non — radical products)

2R° — > ROR (6)
R°®+ RO, = ROOH ..........cooii (7)
2RO, ° —> ROOH + O, ..ot (8)
Iﬂﬂ‘ﬁ R® = Fatty acid radical

ROOH = Fatty acid hydroperoxide

RO,° = Peroxy radical

RO° = Alkoxy radical

4.2 MIMUDDNTIATY
9 a o A Aa (A 9 A @ A
MIueendasy  AsasnilTnaissnaniatlesiunsorzanns

nalnseeendiadu Taveyyaddszyian1e 14 (Halliwell, 1995) 52 118 3aniiuurewiia
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poNFaFuveImIsTUagiuA ez wInveny leasenda saunalnseadaoun ves

a o 1 @
Turana (Hall, 2001) Tasasdueendiatuaunsou vuiu 2 dssanaudnuazmsoen
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a g ~ a

42.1 asdweendadulyugh iuasingaoyyadase Tasmsliouya
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laTasiou (H°) viedmansounnoyyadass Tasas i Ineyyaruiduamsilianuados v

a []

d’ Q( [ Y 1 9 1 1 =1 14 .
’G’HTVI@’EJﬂi]“l/]‘ﬁil!ﬁﬂfblﬂ%ﬂ\‘iﬂaTJulﬂllﬂ ﬁﬁ‘ﬂi%ﬂ@“ﬂﬂﬁju Wuean wu Wmhua&m, eugenoid
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T T ' v A o A A oy Ayyad Y 9 :
e vanillin !ﬂuﬁu llﬁ']EN']U'J']ﬁTiG]TH’E-)f)ﬂ“ﬁlﬂ%uaﬁuﬂuﬂgﬂTﬁu']ﬂulﬂﬂcﬂﬂ’nnmlilsuu@nq LI
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A Yy 9 dgl < a = a o P4 . . .
menmmmmuqwum%ﬂmmﬂumimmqmaaﬂcmmu"lﬂ (Rajalakahni and Narasimhan,

1996)

a a 9

Y
422 dsdveendatunavgil sdveyyalszanil lidnase Tagasa

Q Y

@ a 1 1 o

AUOYYADATY LAIZFIINTINVEITIAY oonFatulguglludnyuzaieasu Suny
Fe’ 3odniu 0, iegaduiiddani1lTean AT udu (Gordon, 2001)
4.3 NAIPMIMNUMIMULINBIATY (Yanishlieva, 2001) a15d1Uo0NTFATUIING 1D
s laihs 6 nuufe
43.1 mi%’umguua@ﬁﬁz (radical scavenging)

ad 1 a Y
Tagms 1 la Tasinunieo dlanasounnoyyadase AsauNs

R° + AH T RH + A 9)
RO° + AH T ROH + A® ... (10)
R° + A° TP RA (11)
RO® + A° T  ROA .ottt (12)

Y
4.3.2 M3GUHINITNIIUVD singlet oxygen (singlet oxygen quenching)
1 4 [ ;I o .

ﬁ’”liﬂqm!,ﬂiiﬁu’ﬂﬂﬂ (carotenoids) FINTNIVLINITNINIUVDY singlet oxygen

Tagmsilasuoongioulugll singlet oxygen ('0,%) 1¥ogluz triplet oxygen C0,) naz Uaoe
@ { i J o aaa o .
wasnunosn lulugdanudou Tasiiualsiivesa 1 Tuwanaansoflfnserny singlet
oxygen 1894 1,000 Tmaqa
'0,% + 'Car = 0,4 Car* ..o (13)
*Car* — 'Car + thermal S 1S v A (14)

433 msdunulanghamsasamanalgnsoimsnaoendiadu’ld (metal

chelation)
1 4 a a a = J dy @
ainquianTiuesa nsaedlin waznsaFain FemTHAIEINITOTY
{o w o 1 I o [ a Aaaa a ]

Tanzhdwae Fe2 uag cu™ Tasansasnarniudnsdinaljnsoeonagadn

4.3.4 msnga§nse1nsa319eYyadase (chain-breaking)

a Aa A o Y A g v v adg

INUUD  (Ol-tocopherol; Toc-OH) mntnualsusannseu  (electron
acceptor antioxidant ) 91N®U3A peroxyl (ROO°) (Burton and Traber, 1990)

4 )
4.3.5 MIASUYNTATAIUODATIATUDY (synergism)

9
R

Y
MswiiailazssasuMITnuveIasaueengaru i ldauu

MIMNUIWAUTENIN Ol-tocopherol 11 ascorbic acid &4 ascorbic acid Mansaanuluy
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52U hydrophobic tavz IezaonlaTasinuun O-tocopherol peroxy MiiavInmMsitlgasen
1 Y] o { o I
5¥WIN a-tocopherol NUBYYA peroxyl (RO0°)  ildaunsonldsuginaulih fu a-
tocopherol neusainanldon (Frankel et al.,1998 )
@ 09/' ) < A 1 aaa a
436  msdugaimsmhauveudu leingalgnseeyyaddsy (enzyme
inhibition)
a a a 1 4 . .
asdsenoudueanuieria sy Wa1liuewsa, phenolic acid 1z gallates
[y osj . £ Y 3 A I ) Y3 v 1 1
11308009 lipoxygenase  wednsodunumaniiu Iaunnes i lvou lsidenarala

o yad A
ﬁﬁliﬂiﬂﬂﬁl\ﬂuulﬂmuﬂ

Y a U =) E2
4.4 MsimuvendatuanatazHa 13
ay a | 1 1A o
4.4.1 m51sznoul uo@n (Phenolic compounds) uasngulnainunaly
A o @ o a A a o I
Tudiyununniia Junumdnglumsildined naunazsamnaluisdnuazwa 1if Huas
4
NNNTEUIUMIIAMUEATY  asilszneumrariiwumnlunguuesasngnuiall
: va o : » . '
(phytochemical) Taen liugasnuantiaiiunsa deazadroiuse lalasnuiuluanaou
' < ] i o aan v W J
p895A157 tazwuteeinlfnsenuuszl Indveslsdu arsiszneuiluoanielu
P 1 a 3 a 4 1w
wadnog lugldasziunudooun varewiawulugy glycosides Tnorsonanny Ty Tuan
Jd A s 1 g a o dy
alsanie lausanlsa aunsauuilu 3 yiadasl
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J 1 U o 1
4.4.1.1 WanTruees (Figure 1) a3 lunguil Yagiiulimsduwud sz
Aa =1 Y a o Y o A 9 A A 9
8,000 ¥tia wenvndunumlumsduesndesuuardall unumlumsdunuainGs A
o @ o ' J '
o A hiduazdumsdnay dedans WarTauesa  1Aun catechin wuanlun

[

=) ) a o o
@We)  genistein WU UG UMDOWATNER SuKNDAKARY  lagaNNETa U
A o 2 e ) s A
panFaFuIzIURgiL InsIai19ves WarTauseadaall
- 113 OH AUTNWUNUNIU B (Figure 2 A) TagmsAnBIu09 Dziedzic and
Y
Hudson (1983) 1482 Rice-Evans uazaAse (1996) WUNAIANNEINITO IUMSIUEINI5IAA
Y
a @ 1 . (% o [} o ] []
poNFIATUYIAITVRImITnguHa1 TauessTuagNURLMUILAz S MIUYY  OH msiivng OH
A o ] =\ Yy wva o a a 4 1 []
NAWHUINIT (C4) ¥992uKIu B azlimalniautiai]uasueuaosnguaunuinnimy
A o ] o 1 [} ~ o 1A = 1 vAa
OH Nduniee0sIn (C2°1azCe’) aIuny OH NAWMWUITAT (meta) vz lulinadoauiia
AINa?
- 2,3-double bond UYB91MHIY C (Figure 2 B) 1asWUTEUDI 0ONFIIUNI

uMIU C eansnduiveyyaddsz 1a
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~ . o Y A g X
- 3 hydroxy group NNLUKIU A ez C (Figure 2 C) Tagimminndu chelating
Y 9 Y ! . Y . =
agent ondlooouveslanzdtn Aluluen a9 quercetin Taolnseai19ues guercetin 1
#1UMUe binding site Na50andvloseuveslaneld 3 duma e 374 dihydroxy Y9924
UWIU B, @UWUS 3-hydroxy,4-keto UD99UHIU C HAZAWKUI 5-hydroxy YBINUKHIU A DU

AN 4-keto VOIIWHIU C

3!
2 A
3 B
4 2 C T 5
I
5 - C,,,_HC

Figure 1. The basic structure of flavonoid (diphynolpropane)

Source : Shi et al. (2001)

. 0OH .
] b
p og
3 B -
a II-\. _—
7
afe
g 3
5
]

(A) (B) ©

Figure 2. Active group and position of flavonoids (A), (B) and (C)

Source : Shi et al. (2001)

4.4.1.2 Phenolic acid 13U chlorogenic acid Iaig caffeic acid wunluanuas
i gallic acid W ludnuazwuin luisayu Ins (Kays,1991)

44.13 TwaWuea 1¥U tannin vag ellagic acid wusnnlunTeanaAuay

wAa 9 a [ 1 v & d? (Y Y
ayuInsTagaulia msdweondiadurzuanannugiiuegiuanuansnlums 1

9
laTasruveoany oH Tumsilsznen Tndiluea sausdumiaazi vy laasengaves
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v
Tuana (Morel e al., 1998) a151sznou InaHluoamaridsenutisgosas ludnausiuan

4 4 [
pzaovuoInsUoutazgluunIaseadwvesmsvonluluana Awaaslu Table 2

Table 2. The phenolic compounds present in plant

Number
Type of
of carbon  Basic structure Example
phenolic compound
atom

6 C6 Simple phenols Catechol, hydroquinone
Bensoquinones 2,6-Dimethoxyhenoquinones

7 C6—Cl1 Phenolic acids p-Hydroxybenzoic, salicylic

8 C6—C2 Acetophenones 3-Acetyl-6-methoxybenzaldehyde
Phenylacetic acids p-Hydroxyphenylacetic

9 C6—C3 Hydroxycinnamic Caffeic, ferulic
acids Phenylpropenes Myristicin, engenol
Coumarins, Umbelliferone, aesculetin
Isocoumarins, Bergenin
Chromones Eugenin

10 C6—C4 Naphthoquinones Juglone, plumbagin

13 C6o—Cl—C6 Xanthones Mangiferin
Stilbenes,

14 C6o—C2—C6 Anthraquinones Lunularic acid, Emodin

15 C6—C3—C6 Flavonoids Quercetin, cyaniding
Isoflavonoids Genistein

18 (C6/C3)2 Lignans Pinoresinol
Neolignans Eusiderin

30 (C6—C3—C6)2 Biflavonoids Amentoflavone

N (C6—C3)n Lignins

(C6)n Catechol melanins

(C6—C3—C6)n Flavolans (condensed tannins)

Source : Kays (1991)
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asilsznoviluea Tufisfouinauaa? 10in phosphoenolpyruvate  118%
erythrose-4-phosphate (310 glycolysis L8 oxidative pentose phosphate pathway Mua1ay) lag
79 shikimic acid Gd]ﬁﬁ aromatic amino acid L‘ﬂu’dﬁ AINAN (central intermediate) aanaalu
Figure 3 TagazUM3  deaminate LAY hydroxylate Tudniug para UU phenol ring 1%
p-hydroxycinnamic acid a1 lunsalves flavonoids ‘1%‘1,! malonate %rﬂuﬁaﬁ'u&’u Tag 3
Tmaqamm malonyl-CoA 3IUAINY cinnamic acid (cinnamyl-CoA) lﬁﬂﬁ%l 19 chalcone §Q1ﬁ6

a < g
e ring udanz 1A Tasea19ing U049 flavonoids

DH -
HO
Calvin eyele s Con CH,~=CH—C
: : Shikimate pathway : = gﬂ ; oH
T
: H . .

SHIKIMIC ACID PHENYLALANINE
- NH,
. HYDROXYACETOPHENUNES
PHENOLS Co,
co, N c : :
. . +
HYDROXYBENZOIC ACIDS ‘—L HO CH=CH—-COH HYDROXYCOUMARINS
Oxidaifon
p - BYDROXYCINNAMIC ACID
SOME QUINONES 3 MALONATE
Reduction '
ELAYONDIDS AND ]
ISOFLAVONOIDS o,
Redaction '
XANTHONES AND HO CH=CH—CH,0H
Polymerization HYDROXYSTLBENES
FLAVOLANS p - INDROXYCINNAMYL ALCOHOT,
4] Polymerization
’ Dimerization
PHENYLPROPENES LIGNINS

LIGNANS

Figure 3. The synthesis of polyphenol in plants

Source : Kays (1991)
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4.4.2 3 (Vitamin) t1azinaous
a a A [ a a ay y [ :} Y S A
4421 30TUB (tocopherol) tnasueIn1Iud laun 1l unnwaaislae
Y H
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Y ]
lugiunaziinnu heoudwazesndou auiuieogluaniizanainzgnihaie 1die
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Yuegnuunasnilgn szeznalumanurazmsii e s seiluiladeii ldiandug
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. < A Y = 19
4.4.2.3 Selenium (Hunao Vlllﬂflhlu U1 YDl NITINYY ﬁf]llﬂlﬁfg AU

U

9 = A < =
AUNTSINYN USLUBDINH ‘Uaﬂﬂjﬂa
= J I 9 o A J A A o
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= (= . 1 [ 9}::'01 1 a Aa 9 1 sjd' 9) 1
WNUIY  carotenoid @Qllﬁ%W‘UGluWﬂNﬁllll“l/lElx‘lulil’sjﬂlmuﬂiMWﬂ!uf]ilﬂ’ﬂﬂﬁllifﬂﬁﬂlm?lﬂfu
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mmamﬁqﬂ%uﬂﬁmmmm carotenoid WINNNUIBINAAL 1T UAY E‘T”Iﬂl!ﬂ@ﬂJ‘L!NiﬂM’JH
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4.43.1 ualsnu Wumsasaulumsdunsiziioniue GI’JEIEJNh!E‘TﬁﬂQJJu
' 3| Ao o @ 1Y =
1% B-carotene, o-carotene LLQY y- carotene Iﬂmﬂuﬁ”ﬁﬂﬁmﬂﬂumiﬁﬂﬂﬂmtﬁzﬁﬂ@@]ﬁ!ﬁﬂd
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oM sina I5ause wulunsnidmassaunsodvendy
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wa liniaduaarsemans mamqmiﬂquu”lmm lutein, zeaxanthin 18 B-cryptoxanthine

9 ]
N4 lutein 1182 zeaxanthin ﬁ']il'liﬂﬂENﬁUﬂTmLf?ff]iJ“V]Nﬁ"lfJ@ﬂ

4.5 HAVBININMUAIADANUAINIVIIA 1IN UBDNTIAT U UNY

. o =2 a o 2
Larrauri 4@azaaie (1997) MMsANYING m@qqmwgmamimmmaﬂwaw

a

uoa HazmMiAuesnsatuvetaguuadlagldmsimiwnvaniou (hot air oven) Ngmmngi

Rl

=~
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‘5WSQWHLUﬂQﬁu!LﬁﬂQSlWL‘H’u'ﬂﬂ'ﬂllif)ullWﬁclufniaﬂﬁiﬂﬂ1ﬁ1Elﬂﬂﬂi'illellﬂ\i!,'ﬁ]ullclfﬂ GlLl“WG]f
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LL@S‘H’JEJiLlﬂWi‘1/]1ﬁ1fJi’J\1ﬂﬂ'i$ﬂﬂﬂmﬂﬂlcﬁaﬁﬂiiﬁﬁ1iﬁ1u@@ﬂ%!ﬂ%ugﬂﬂaﬂﬂﬁ@ﬂﬂ@ﬂNTNTﬂ
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NAUIUVU FIANNTOUILITAY Ascorbic acid 1aeniiu dehydroascorbic acid LaZiNANIG

I o 1 Aa @
hydrolysis 114 2,3-diketogulonic acid 9119 lasa Aumseendiadu'ld (Dewanto e al.,

2002)

v
5. INANUdNIZINE
™ A A a dg‘ 09/’ =\ 1 a A Y A g 1 1
msszelaena lAnywaavuuniuiieglulsuuin desunaodludiuae
9 [l 1 o’/’ 1 osj dyd A 1 A A £ o a 1
AUAIUMIINY UANIU NN 0T IUYDINTUNT AT WAITILHITIUIUMNNNGRAWTHA LA
1A A { A .. 1 a 09;
e laRvdaMdunawmme (characteristic aroma) 11 Tuieditlatiy ethyl-2-methylbutyrate
: - : v A A { " . ;
el lulSnandesunn uadlunaummeveauoti) a enssemedly critical volatiles 414
A J 1 . ' <3| 1
ﬂaumwwﬂuﬁﬂfﬁ 159N character impact compounds uazmmmmumﬁ%amﬂu 4 N
dy = A = 3 dy
T@ﬂwugmmmmiumﬂ‘lm character impact compounds AU (Kays, 1991)

- ﬂfjuﬁﬂauﬁﬂmﬁﬂmﬂ 1 character impact compound
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HYDRDCARBONS [TERPENES)

. e— [SOPRENE UNITS

SHORT AND MEDITIM
CHAIN FATTY ACIDS

ACETATE
C, ALCOHOLS 1 CORRESPONDING ALCOHOLS,
. PYRUVATE ALDEHYDES, FSTERS, LACTONES,
PHENOLICS \ AND KETONES

PECTING

\ SUGARS

05, UMNITS — AROMATIC
. AMINO ACIDS SATURATED
FATTY ACIDS
PHOTOSYNTHETIC CARBON \
. UNSATURATED
AMIND ACIDS FATTY ACIDS
KETO ACIDS 5 CONTAINING
AMINGD ACIDS
ALDEHYDES
ALDEHY ES
AND
ALCOHOLS SULFUR COMPOUNDS;

(SULFIDES, MERCAPTANS, THIOPHENES,
PYRAZINES, ISOTHIOCYANATES)

Figure 4. The diagram of synthesis the volatile compounds in plants

Source : Kays (1991)

5.1 m151Uszneunanv NN UTIONITLITIE

o w 9 J & A . £
HIWUNDUISINGY Gluhgﬂ?’ﬂﬂi%ﬂ@ﬂﬂ’)ﬂ@\iﬂﬂi$ﬂ’f’)‘UWHﬁWHﬂ@ 1soprene YN

=

] s o y o . o o a . s
ﬂ‘igﬂﬂﬂﬂ?ﬂﬂ1§ﬂ'€]uﬂ1u3u 5 pTRol Lﬁﬂu’l isoprene 2 G]'Jll'l@ﬂﬂui]mﬂﬂﬁ'lﬁﬁhﬂ'lﬁﬂﬂu 10

4
= % o

~ dyl & A A a < . . 1
DAY LTYNTITUIN IMI‘L!L‘VI?JS‘WU %Qhﬂﬂﬂliﬂiﬂ’llﬂuﬂ\? (cychc chain) uamuu“lmﬂmq

v ~ !

H Ed
(acyclic chain)  0@z@13 NGUALMIFEIRINUYEL  isoprene 3 A2 IFoNAITNGUE
. I A a ~ o @ . @ a g A J
sesquiterpenes LHASTITINAUNNAVINNITITUIAINUUBY isoprene 4 fAnzinaudsnimsveu
v = oA 2 ' o o 4 4 o
20 @1 5eNA13NQUIIN diterpenes Fe9g liwuliniunenszmennaulag o iiesnais

Y 1 a :’ o a ) Y 31 9 Y
mﬂanuumuﬂmaqaqqmmzmmmﬂauqﬂ Tﬂ&lummmmzt ‘Vifﬁ]gﬂigﬂﬂllllﬂﬂ:]ﬂ

A a A s 1 [ ' A a s
YourHaINNa15UseneuduUNT oINSy ﬁ’ﬁﬂi%ﬂ@ﬂﬂﬂﬂﬁnu@gﬁﬁm%uﬂ p9n1sznou

k4
o o = 3

=1 1 A 9 £ ] Y I 1 [
mundveshlureNsseNaIvlsE R UMIAINFUFO U %Qﬁﬂﬂﬁﬂll‘ﬂ\ﬂﬂlﬂu 4 nquvian
[ tﬂyd
AU N
5.1.1 grsanelaen (Aliphatic compounds)

4 o J
5.1.2 ensmesiuuaz a3 oYU YBUNDINY (Terpene derivative)



20

v 7
5.1.3 ﬁWiE)HWU‘ﬁ"UENL“UW?m (Benzene derivative)
A
5.1.4 m5isznevduq
=\ 3’ % 9 9
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1 Y v
awday oz maunau, 2541) Taeensdidg lniniunenszmen laninluwen jauazin
1 Y
YNIAUAAIAY Table 3 FaluriuiurouszmouznAlinga®aATn (citric acid ) INTUF Haz
a Ad a A g 1 @ J dy .
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Table 3. The compounds of volatile oil from kaffir lime

Plant parts Compounds %
Peel of fruit limonene 19.72
(hydro distillation) B -pinene 19.01
citronellal 15.20
sabinene 12.36
Peel of fruit limonene 27.70
(expression) B -pinene 24.52
sabinene 17.91
citronellal 13.70
Leaves citronellal 71.84
(water distillation) citronellol 12.05
linalool 5.25

[ v )

A1 - IDIRUT 9ae’ Lada (2551)
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. [ ' a J I A
Citronellal 1Jumsnquuoad laa luTumesiiu Jgasluwanafle € H, 0

E')

v

y 4 odo o d
(Figure 5) iHhuensldnauiddginululougnge azladuaziivaszgadu (Cirus sinensis L)
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o3| 1A 2 A A 2 = 1w Y o
Lﬂumﬂmmumnﬁma@ﬂﬁ HIYAABALNIND 206 - 207 °C a1n1iaaxawa”l@1ullaaﬂaaaa

Y
iag fixed oils l,m”lummmazmasluﬁumzﬂﬁmaiaa

Figure 5. Citronellal

Source : Yadav and Lande (2006)
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Table 4. Carotenoid content in Rosa mosqueta Hips

Pigment TLC UV-visible(A_, ) in acetone
R, Colour in plate

[-carotene 0.26 yellow-orange 424 452 476
Lycopene 0.15 deep red 118 474 506
[-crytoxanthin 0.57 yellow 425 449 476
Zeaxanthin 0.42 orange 424 449 476
Rubixanthin 0.37 orange 440 464 494
Gazaniaxanthin 0.37 orange 440 464 494

Source : Hornero and Minguez (2000)
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Figure 6. Diagram of the carotenoid synthesis pathway

Source : Gross; (1991)
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Figure 7. B-carotene structure

Source : Elbe-von and Schwartz (1996)

Table 5. Physical and chemical properties of B-carotene

Properties [-carotene

Melting point 136-140 °C

Color of crystals violet-red

Color of oily solution light yellow-orange

Aqueous dispersion yellow-orange

Solubility(g/100mg)
-Water Non-soluble
-Vegetable oil/fats 0.05 g/100mg
-Orange oil 0.2-0.5 g/100mg
-Ethanol Lower 0.01 g/100mg
-Acetone 0.1 g/100mg

Biological activity vitamin A value 1.6671U/mg

v Y
31 : 23501 AAUITRYTFY (2531)
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Figure 9. Degradation products of thermal degradation of B-carotene

Source : Wong (1989)
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Y
a o a 9 Y] A
mMsansermlsuna Inawueanavua lasaauiladisn15ue 4 Toda (2005)

AUNIANUIN U2

Fresh kaffir lime leaves 1:10 (w/v)

l

Extracted with cold water for 12 hours at 4 °C

Filter

Re-extracted with water and boiled for 10 min

l

Stand for 12 hours at room temperature

lFilter

E P

A

Figure 11. The extraction procedure for total phenolic content and DPPH radical scavenging
activity analysis
Source : Toda (2005)
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Aa A 4 1 19 4
fiadns Taedl HPLC Guard Cartridge tWonsesasnouinneayy uazl¥ mobile phase Ao

a

methanol/acetonitrile (90:10v/v) 8a31M13 lvia 0.9 Haaans /i meldgumnagi 30 °C Detector
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2. gaumwmaniivedlunzniaaanazlunmumsiums

2.1 anliamsmareeyyadass DPPH sazismnalnanlvueanavuag
2.1.1 andamsiageyyadasz DPPH naziSinalwanueanavua luly
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1 ' o 1A 0 Y Y =
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v 9 ]
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v 9 1
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Table 9. Effect of drying methods on DPPH radical scavenging activity (IC,,) and total phenolic

contents of old and intermediate kaffir lime leaves

Old leaves Intermediate leaves
Total phenolics Total phenolics
Treatment IC,, IC,,
(ng gallic acid (ng gallic acid
(mgDM/ml) (mg DM /ml)
/mg DM) /mg DM)

Fresh 1.04+0.17" 135.27+19.73" 0.66+0.27" 176.80+11.28"
Microwave 0.42+0.02" 130.19+12.42" 0.05+0.00° 231.44+38.11"
Hot air oven 0.55+0.20" 133.37+ 8.60" 0.40+0.11"" 184.54+8.04"
Sun dryer 1.07+0.23" 125.63+3.75" 0.41£0.22"" 191.95+10.28"

Note: Data are expressed as mean + SD of triplicate experiments (on dry basis).

" Mean values in a column with different letters are significantly difference (p<0.05).
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Table 10. Effect of drying methods on -carotene contents of old and intermediate kaffir lime

leaves
[ -carotene content (LLg/g DM)
Treatment
Old leaves Intermediate leaves
Fresh 16.82+0.04" 22.38+0.05"
Microwave 93.3440.17" 47.79£0.36"
Hot air oven 88.50.+0.17" 37.99+0.12°
Sun dryer 48.86+0.04° 32.410.06°

Note: Data are expressed as mean + SD of triplicate experiments (on dry basis)

A% Mean values in a column with different letters are significantly difference (p<0.05).
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Table 12. pH and total acidity of old and intermediate kaftir lime leaves drying with different

methods
old leaves intermediate leaves
Treatment pH % acidity (/ml) pH % acidity (/ml)
Fresh 5.8740.01"  0.018+0.000" 5.83+0.01" 0.01620.003"
Microwave 5.75£0.01°  0.022+0.003" 5.47+0.01° 0.022+0.003"
Hot air oven 5.810.01°  0.021+0.003" 5.52+0.01° 0.019+0.000"
Sun dryer 5.824¢0.01°  0.019+0.003" 5.77+0.01" 0.018+0.006"

Note: Data are expressed as mean + SD of triplicate experiments.

“® Mean values in a column with different letters are significantly difference (p<0.05).
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Table 13. The citronellal contents of old and intermediate kaffir lime leaves drying with different

methods
Citronellal contents (pl/100g dry basis)
Treatments
Old leaves Intermediate leaves
Fresh 195.93+0.95" 157.68+1.66"
Microwave 110.49+0.82" 71.87+0.70"
Hot air oven 22.41+0.07° 19.43+0.09°
Sun dryer 18.49+0.03" 13.65+0.24°

Note: Data are expressed as mean + SD of triplicate experiments (on dry basis)

ABCD Mean values in a column with different letters are significantly difference (p<0.05).
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Figure 12. (A) Sensory analysis of old stage kaffir lime leaves, (B) Sensory analysis of
intermediate kaffir lime leaves after drying.

The data are expressed as means + SD.

4. mylagunlas memamwvedluaznzandumsinuds Taglalason Tuszremai

Sowuduna 175 Yu

4.1 msnfdsuasmdvedlunznzauniiciumsiuidaglulasnvluszniems
HUTE 175 T
msldsunlasmdveslungnga unfdumsiwdelae luTasn Taoussy
a < (A {
Tuga 2 wiiafie afiiuanesd 1AZLDPE (Table 14) wuhien L* vesluuzngaudeiussyluge
~ s A Y g A4 2 g o
aliiuavosaanaanin 41.56+1.51 Mauluduusn iy 39.67+0.22 WedugamsAUTAY
A A 2 < = = 4 £ oA
Tuyaiea a* AN -9.28+1.39 Wy -0.72+0.09 Tagimsilasumlauninyuediel
v o w A g o @ Y I A S o d?’ Y A
WedAgwenuine 175 3 uaadlvimiy udemanuinyuuauluszngauia Imany
I S A o [ < o A ) Y (B
Wuderanas dmsumanuinvvesluvengaidiumsiuiassyluge LDPE wunm
4 & g 2 Y3 y A
L* IWNUIN 41.56+1.51 11U 45.76+0.52 Gauaraslvimiuinluvzngaune 1135391499 LDPE
aa 1 dgl A 3 o 1 1 A A d? < 1A
NATINVUNRHIUMINUTIY IUAT a* UANNNUNIN -9.28%1.3911]1 0.1620.03 HAAIINN
3 a A A A A d? z Y a o
ANuuARgIanas Tuvagina b* NAuWLY W luMIVIITgAIsaliig eed 1oy LDPE

4 1 d % ¥ 4 =) H U
WRFHIALSAEIUAIY ieN1Ta AL*, Aa* az Ab* nuaadlyu Table 15 nfSeuneuny



58

L= 1 d‘ [ a3 [ os/l d‘ =1 4
maved luuzngaaanun luuenganrmumsnuinynanussylug saiwaveesd uazgy
=1 Y d' Q' dgl Y < 1Y d' d’ < [ =\
LDPE fuunluun Aa* ivayunaimsnusne luvaen luugagannuine 1lugaaiig
2= 9 A [ [ [ d? ] d' < [
Wesdna1 AL* anaslndinesiuamnnuainaves luluvaaunuu drmlvuengamnuinulu

o w 1

1 1 A -4 [l Y] Y] '
94 LDPE I AL* uaza1 Aa* quﬁuaﬂnﬁuamﬂmﬁzmw 2 UITYINUN (p<0.05)
4 [V ] o 1 a 4 a 4 J
Lﬁmfumuﬁi;nmcnﬂlummmﬂmnuum Tadamaldinamsidonaaisvosnanlsiad  ua
] I~ { 1 [ { (Y 09/’ [ 4
aeha lsnaumslasunlasuesan Ab* "luﬁgﬂzmuﬁuuwium 2 UITIAUN NHANT
nAARIWUN AE (Figure 13) vosluugngandumsiudaz 033919099 LDPE {ims
= (] A v o W A 3 o F2 [y ~ A )
Lﬂaﬂuuﬂmammu&mmy (p<0.05) Wemusawla 50 M Tuvazinluw LNIANVITYINYY
a I A = ' o A S o o R Y
altuaresaumsilasuudasad AE DYNYALUNDDIYNITINUINYI 100 WU DRITES (oY VAT
1 < [ [ 9 Ay Y A [
31msm‘u1umﬂgﬂiﬂﬂmﬁﬂuqq LDPE ?M50INEIAUANHUSATU 1313w 84 25 Tuusn
< o ~ Ad o =\ 4 o o 9
VDINITNUINY Glummz‘n“luwﬂgﬂmﬂ‘u'iﬂm“luqqmmuﬁwaaﬂmmmﬁﬂmsﬂmaﬂ‘ymzmu

4 3 o { @
131 Ao usnyn 75 Tu

Table 14. Effect of packaging on CIELAB L* a* b* values during storage of dried old kaffir

lime leaves by microwave drying

Storage Laminated foil LDPE

(days) L* a* b* L* a* b*

a

0 41.56+1.51™  -9.28+1.39%  30.14+0.61™  41.56£1.51%  -9.28+1.39™ 30.14+0.61™

25 38.7140.65""  -5.83+0.28™  27.84+0.90°" 39.76+0.50™  -5.14+0.73" 27.26+1.02°"

b

50 37162026  -6.03£0.60"°  27.25+0.18"  42.56+0.22°" -1.18+0.15™ 29.28+0.43™

b

75 38.1740.28""  -5.53+0.09™  29.02+0.27™  43.84+0.28°" -1.11+0.12** 27.38+0.41°

100 38.64+0.13°" -2.4240.11"  27.66£0.17%"  44.20+021™  0.1620.22™™ 26.56+0.36"

b

a

125 38.9440.62°" -1.0320.08"  28.66£0.25™ 44.71+0.40"™ 0.42+0.10™  27.55+0.34"C
150 39.7120.30"  -1.2240.15°°  29.18+0.13™  42.53+0.28"" 0.48+0.05™  27.90+0.63""

175 39.67+0.22"  -0.7240.09™  28.91+0.08™  45.76+0.52™"  0.16+0.03"® 23.97+0.13"

Note: Data are expressed as mean + SD of triplicate experiments

“PPE Mean values in a column with different letters are significantly difference (p<0.05).

®  Mean values in row with different letters at the same value are significantly

difference (p<0.05).



Table 15. Effect of packaging on lightness difference (A L*), redness difference (A a*) and
yellowness difference (A b*) of old kaffir lime leaves dried by microwave during

storage compare with fresh leaves

Storage Laminated foil LDPE

(days) AL* Aa* Ab* AL* Aa* Ab*

0 6.28+033"  4.46+0.06"  2.45+0.05" 6.28+0.33"" 4.46+0.06  2.45+0.50™
25 2.3940.657° 6.56+028"  0.01£0.90" 3.44+0.50™  7.25+0.73™  -0.57+1.02
50 0.84+026"  6.36+0.60"  -0.58+0.18° 6.24+0.22™  11.21+0.15"  1.45+0.43™
75 1.85£028”  6.86£0.10™  1.19+0.27" 7.52+0.28"  11.28+0.12%  -0.45+0.41"
100 2.3240.13° 9.97+£0.11°  -0.17+0.17""  7.88+0.21°"" 12.5540.22™  -1.27+0.36"
125 2.62+0.13  11.36+0.08"  0.83+0.25™ 8.34:0.40™  12.81£0.10™  -0.28+0.34

150 3394030  11.1740.15™  1.35+0.13"  6.214£027™ 12.87£0.05™  0.07+0.63"

59

175 3.35£0.22%  11.6740.09"°  1.08£0.08™  9.44+0.52™  12.23+0.03°" -3.86+0.13"

Note: Data are expressed as mean £ SD of triplicate experiments.
APPE Mean values in a column with different letters are significantly difference (p<0.05).
Mean values in row with different letters at the same value are significantly difference

(p<0.05).
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Table 16. Effect of packaging on CIELAB L* a* b* values during storage of dried intermediate

kaffir lime by microwave drying

Storage Laminated foil LDPE

(days) L* a* b* L* a* b*

0 48.50+1.45™  -11.2140.38"  34.73+0.53"  48.50+1.45" -11.2120.38" 34.73+0.53™
25 44.8240.037" -3.89+0.06"  31.47+0.04"  47.39:0.03" -1.68+0.08"  29.51+0.07"
50 45.57+0.40"" -1.85+0.117"  32.73£0.16™ 4725087 -0.25+0.21""" 28.30+0.52"°
75 444240427 -130£0.177°  31.59+0.32°  47.31+0.28  0.09+0.02™  30.82+0.38"
100 46.09+0.61™ -1.20+0.16"  31.67+0.73%"  51.07+0.10™  0.10£0.09™  26.80+0.50""
125 46.6120.13°  -0.73£0.16"°  31.29+0.15"  52.80+0.15™ -0.43+0.12™"  26.71+0.32"°
150  47.6740.15™™  0.55+0.02""  31.02+0.13  50.75£0.07™  0.64+0.10™"  27.44+0.03"

175 46.85£023°" -0.17+0.15™  30.22+0.14"  51.16:0.30™" -0.67+0.07"  26.16+0.13"™

Note: Data are expressed as mean + SD of triplicate experiments.
APPEF Mean values in a column with different letters are significantly difference (p<0.05).
Mean values in row with different letters at the same value are significantly difference

(p<0.05).
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Table 17. Effect of packaging on lightness difference (A L*), redness difference (A a*) and
yellowness difference (A b*) of intermediate kaffir lime leaves dried by

microwave during storage compare with fresh leaves

Storae Laminated foil LDPE

(days) AL* Aa* Ab* AL* Aa* Ab*

a

0 -1.10£0.69™™ 1.11£0.54"  0.34+0.75™  -1.10+0.69™ 1.11£0.54"  0.34+0.75™

25 -2.3620.03"  9.8440.06"  -3.62+0.04"  0.21+£0.03™  12.05+0.08"  -5.58+0.07°"
50 -1.61£0.40"  11.88+0.11%° -2.36£0.16"  0.70+0.87"  13.48+0.21°" -6.79+0.52"

75 -2.76£0.42% 124340177 -3.50£0.32°"  0.13£0.28°  13.8240.02™  -4.27+0.38"

b

100 -1.09+0.61™"  12.53+0.16"" -3.42+0.73“  3.89+0.10™  13.83+0.09™  -8.29+0.50""

a a

125 -0.57+0.13°"  13.00+£0.16™ -3.80+0.15"  5.62+0.15™  13.30£0.12°™ -8.38+0.32""
150 0.49+0.15"°  14.28+0.02™ -4.07+0.13  3.57+0.07™  14.37+0.10™  -7.65+0.32"

175 -0.3320.23%  13.90+0.15"° -4.87+0.14™  3.9840.30™  13.06£0.07™  -8.93+0.13"

Note: Data are expressed as mean + SD of triplicate experiments.

APPE Mean values in a column with different letters are significantly difference (p<0.05).

® Mean values in row with different letters at the same value are significantly

difference (p<0.05).

—&— old leave/laminated foil
=<@=-oldleave /LDPE
=ir— intermediate leave /laminated foil
=== intermediate leave/LDPE

0 25 50 75 100 125 150 175
storage time (days)

Total color difference (A E)
()

Figure 13. The effect of packaging on the numerical total color difference (A E) of

dried kaffir lime leaves by microwave during storage
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Table 18. The moisture contents and water activity during storage of dried old kaffir lime

leaves by microwave drying

Laminated foil LDPE
Storage
Moisture content Moisture content
(days) a, a
(%) (%)

0 7.60+0.49™ 0.4135+0.001™ 7.60£0.50" 0.4135+0.001™
25 8.08+0.15™™ 0.4157+0.001"° 8.77+0.25™™ 0.4314+0.001%
50 8.08+0.58*™ 0.4188+0.001"° 8.23+0.27*™ 0.4388+0.001"
75 8.08+0.15™™ 0.4212+0.001"° 8.77+0.25™™ 0.4480+0.001"
100 8.20+0.32"" 0.4279+0.001"" 8.68+0.06"™" 0.4591+0.004™
125 8.67+0.36™ 0.4313+0.001" 8.73+0.21°" 0.4871%0.009°"
150 8.49+0.38™ 0.4417+0.001"" 8.66+0.05"™ 0.5043+0.001""
175 8.79+0.01" 0.5188+0.001" 9.23+0.74™ 0.5524+0.004™

Note: Data are expressed as mean + SD of triplicate experiments.

ABCPEFCI ) fean values in a column with different letters are significantly difference(p<0.05).

® Mean values in row with different letters at the same value are significantly

difference (p<0.05).
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Table 19. The moisture contents and water activity during storage of dried intermediate

kaffir lime by microwave drying

Laminated foil LDPE
Slorage Moisture content Moisture content
(days) - a, - a,

0 8.14+0.18™ 0.4250+0.002"™ 8.14+0.18™ 0.4250+0.002™
25 8.60+£0.28™ 0.4278+0.002"°  8.56+0.15" " 0.4365+0.001"
50 8.65+0.03™ 0.4376+0.001"" 8.72+0.22" 0.4443+0.003"
75 8.60£0.28™  0.4477+0.002”  8.38+0.19°™ 0.4513+0.001"
100 8.53+0.42™  0.4604+0.003" 8.93+0.38™ 0.4584+0.004"
125 9.26£0.19"°  0.4978+0.005"°  10.50+0.13" 0.5065+0.005""
150 9.44+041"  0.5104+0.001"° 10.60+0.30™ 0.5323+0.002™
175 9.53¢0.11"  0.5144+0.006"° 10.73+0.13™ 0.5496+0.001"

Note: Data are expressed as mean + SD of triplicate experiments.

ABCPEFCT ) fean values in a column with different letters are significantly difference(p<0.05).

® Mean values in row with different letters are significantly difference (p<0.05).
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Table 20. Effect of packaging on DPPH scavenging activity (IC,,) during storage of dried

old kaffir lime by microwave drying

Storage IC . (mg DM/ml)
(days) Laminated foil LDPE
0 0.42+0.03" 0.4240.03""
25 0.42+0.02™ 0.40+0.01"
50 0.38+0.03" 0.49+0.01"
75 0.42+0.02™ 0.41£0.01"
100 0.55+0.01" 0.54+0.01"
125 0.62+0.07" 0.62+0.02™
150 0.69+0.01" 0.70+0.01"
175 0.70+0.01™ 0.69+0.03"

Note: Data are expressed as mean + SD of triplicate experiments

APPE Mean values in a column with different letters are significantly difference (p<0.05)

® Mean values in row with different letters are significantly difference (p<0.05).
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Table 21. Effect of packaging on total phenolic contents during storage of dried old kaffir

lime by microwave drying

Storage Total phenolic contents (ug gallic acid)/mg DM
(days) Laminated foil LDPE
0 141.49+0.90™ 141.490.90™
25 111.07+0.37™ 93.5943.76"
50 98.7045.17" 83.1120.91™
75 94.3620.82"™ 83.85+0.50™"
100 88.77+0.41" 86.52+0.21"
125 83.99+0.91™ 77.38+0.03""
150 77.2140.45" 73.27+0.35"
175 60.89+0.69™ 50.64+1.73%

Note: Data are expressed as mean = SD of triplicate experiments

ABCPEFCT ) fean values in a column with different letters are significantly difference(p<0.05).

® Mean values in row with different letters are significantly difference (p<0.05).
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Table 22. Effect of packaging on DPPH scavenging activity (IC,,) during storage of dried

intermediate kaffir lime by microwave drying

Storage IC ,,(mg DM/ml)
(days) Laminated foil LDPE
0 0.05+0.00"" 0.05+0.00""
25 0.30+0.03" 0.20+0.06™"
50 0.45+0.07™ 0.35+0.01
75 0.45+0.01"™ 0.42+0.03™
100 0.47+0.02 0.44+0.01°
125 0.52+0.03™ 0.59+0.01"
150 0.60+0.00" 0.62+0.03™
175 0.62+0.07" 0.65+0.02"

Note: Data are expressed as mean + SD of triplicate experiments.

" Mean values in a column with different letters are significantly difference (p<0.05).

® Mean values in row with different letters are significantly difference (p<0.05).
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Table 23. Effect of packaging on total phenolic contents during storage of dried intermediate

kaffir lime by microwave drying

Storage (ng gallic acid)/mg DM
(days) Laminated foil LDPE
0 197.05+7.76™ 197.05+7.76™
25 130.18+4.66" 129.2+7.05™
50 122.58+2.52° 102.0+2.69"
75 116.03+1.66™ 99.52+2.01"
100 95.79+0.45"" 97.51+1.23"
125 89.81+0.07" 87.01+0.08"
150 85.04+0.12" 76.10£0.13"
175 70.33+0.63™ 57.2140.55"

Note: Data are expressed as mean + SD of triplicate experiments

APCPEFCH Mean values in a column with different letters are significantly difference(p<0.05).

*® Mean values in a row with different letters are significantly difference (p<0.05).
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Figure 14.The effect of packaging on B-carotene of kaffir lime leaves dried by microwave during

storage
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Table 24. Antimicrobial activity of dried old kaffir lime during storage by disc diffusion

method

storage Laminated foil LDPE

(days) S. au E. coli Psfl  Lmono S au E. coli Psfl  L.mono

0 ++ + ++ + ++ + ++ +
25 ++ + ++ 0 + + ++ 0
50 ++ + ++ 0 + + + 0
75 ++ + ++ 0 + + + 0
100 ++ + ++ 0 + + + 0
125 ++ + + 0 + + + 0
150 ++ + + 0 + + + 0
175 ++ + + 0 + + + 0

Note: S. au = Staphylococcus aureus, E. coli = Escherichia coli, Ps. fl = Pseudomonas
Sfluorescens, L. mono = Listeria monocytogenes

0 = no inhibition zone, + = 0.7-0.89 cm, ++=>0.9-1.0 cm
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Table 25. Antimicrobial activity on disc diffusion method during storage of dried

intermediate kaffir lime by microwave drying

Storage Laminated foil LDPE
(days) S.au E.coli Psfl  L.mono S.au E.coli Ps.fl L.mono
0 ++ + ++ + ++ + - -
25 ++ - +- 0 + - - 0
50 ++ + ++ 0 + + + 0
75 ++ + + 0 + + + 0
100 ++ + + 0 + + + 0
125 + + + 0 + + + 0
150 + + + 0 + + + 0
175 + + + 0 + + + 0

Note: S. au = Staphylococcus aureus, E. coli = Escherichia coli, Ps. fl = Pseudomonas
Sfluorescens, L. mono = Listeria monocytogenes

0 = no inhibition zone, + = 0.7-0.89 cm, ++=> 0.9 cm
5.4 /5391 citronellal

5.4.1 3na citronellal voslunzngaun Akumsiwrdaglulasnise wiems

iwuspruiunar 175 Ju

=

v <3 % 1 a
M3lasuilaaves citronellal IEHINMSOUSHIBINLNLTUY citronellal T

o w A

a 1 o S o 1 ' < 4
ﬂsaﬂmaﬂmamﬁuamﬂmma I2U21301 ﬂTiLﬂUiﬂB%‘Wllﬁu Iﬂﬂﬁﬂ?iﬁﬂﬁﬂﬁ]fﬂﬂi?ﬂﬁ]tﬁ@

9

BUSHE Y 25 U Feanaenn 119.177+0.65 lulasans /100 nsudmtinuds dlu

a v o o 9 = A 7
33.44622.64 lwlasdas /100 nsmimiinuds Tuluvenganvssyluaiiiug  vesd was



74

Y v

22.921:1.14 1uTnsans/100 n5uimiinuia (Table 26) Tuluvzngafiussyluge LDPE uaz

l 1 § A S o [ 1 { 1

anagedNaolilod Tashszezinar manusne 175 Jununluugnga dussyluge LDPE i
@ a { A a I a

am130a59930 Ui citronellal 14 Tuvazh luwzngaiussylugeandiua Weed Hdsum
. a @ g’ @ Y = @ ' Y '

citronellal  0.2100.01 luTasans/100 nsmhmiinuis Fannnadinauaaslimiunly

Ad o = J o a = 1
ll%ﬂgﬂ‘mﬂ‘ﬂiﬂ}J'lGluf,]l\iﬁ'lllluﬁ‘V\l@ﬂaﬁ'liJ'l‘ii‘l‘iﬂ‘lel11]51”"51! citronellal U],?a]}ﬂﬂ'ﬂil\i LDPE

Table 26. The citronellal content during storage of dried old kaffir lime by microwave drying

storage citronellal content (ul/100g DW.)

(days) Laminated foil LDPE
0 119.17740.65™ 119.17740.65™
25 33.44642.64™ 22.921+1.14™
50 22.992+0.60" 12.353+0.41"
75 12.841+1.52" 11.215+1.03™
100 9.363+0.43" 2.743+0.19""
125 0.330+0.05" 0.089+0.01""
150 0.256+0.01" 0.050+0.01"
175 0.210+0.01™ nd

Note: Data are expressed as mean + SD of triplicate experiments

APPEF Mean values in a column with different letters are significantly difference (p<0.05).

* Mean values in a row with different letters are significantly difference (p<0.05).

nd = not-detected
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Table 27. The citronellal content during storage of dried intermediate kaffir lime by microwave

drying
storage The citronellal content (ul/100g DW.)
(days) Laminated foil LDPE
0 84.156+0.77" 84.156+0.77"
25 2.737+0.11% 1.1170.25™
50 nd nd
75 nd nd
100 nd nd
125 nd nd
150 nd nd
175 nd nd

Note: Data are expressed as mean + SD of triplicate experiments
*® Mean values in a column with different letters are significantly difference (p<0.05).
“® Mean values in a row with different letters are significantly difference (p<0.05).

nd = not-detected
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Figurel5. Sensory analysis of kaffir lime leaves dried by microwave during storage

(A) = appearance, (B) = color, (C) = odor, (D) = overall liking
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Appendix figure 2. Chromatogram of old stage fresh kaffir lime leaves
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Appendix figure 3. Standard curve of B -carotene to determine qualitative of 3 -carotene content

from kaffir lime leaves
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Appendix figure 4. Standard curve of gallic acid to determine qualitative of total phenolic

content from kaffir lime leaves.
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Appendix figure 7. Mass spectrum of citronellal standard
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Appendix table 1. Yield of citronellal contents of fresh and dried kaffir lime leaves

%yield citronellal content

Treatment
Oold Intermediate
fresh 0.82 0.53
microwave 1.08 0.63
hot air oven 0.76 0.55
sun dryer 0.62 0.44

Appendix table 2. The effect of packaging on the numerical total color difference (A E) during

storage of dried old kaffir lime leaves by microwave drying

AE
storage time (days) Laminated foil LDPE

0 8.09+0.28™ 8.09+0.23"
25 7.05+£0.12"" 8.10£0.57"
50 6.45+0.08"" 12.91+0.17™
75 7.2140.11% 13.5740.11™
100 10.24+0.10" 14.88+0.33B"
125 11.69+0.05™ 15.3240.23A™
150 11.75+0.24" 14.31+0.14
175 12.1940.15™ 15.93+0.27™

Note: Data are expressed as mean + SD of triplicate experiments.

APPEY Mean values in a column with different letters are significantly difference (p<0.05).

N Mean values in row with different letters at the same value are significantly

difference (p<0.05).
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Appendix table 3. The effect of packaging on the numerical total color difference (A E) during

storage of dried intermediate kaffir lime leaves by microwave drying

AE
storage time (days)
Laminated foil LDPE
0 1.73+0.83" 1.73+0.83"
25 10.7440.05™° 13.28+0.07™
50 12.2240.19" 15.11+0.38™
75 13.21£0.34" 14.47+0.10"
100 13.06£0.07" 16.59+0.21™
125 13.55+0.20" 16.70+0.22™
150 14.86+0.03"° 16.67+0.11™
175 14.73+0.17"° 16.32+0.12™

Note: Data are expressed as mean + SD of triplicate experiments.

APPET Mean values in a column with different letters are significantly difference (p<0.05).

b . . . . .
! Mean values in row with different letters at the same value are significantly

difference (p<0.05).
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Appendix table 4. The effect of packaging on B-carotene during storage of dried old kaffir lime

leaves by microwave drying

storage time (days)

[-carotene content

Laminated foil LDPE
0 141.19+1.55™ 141.19+1.55™
25 128.14+2.05™ 122.71£0.16™
50 105.55+1.18" 59.7240.13%
75 99.92+1.13™ 48.65+0.68""
100 62.610.48" 19.33+0.05"
125 8.60+0.02" nd

Note: Data are expressed as mean + SD of triplicate experiments.

ABCDEF

Mean values in a column with different letters are significantly difference (p<0.05).

ab

Mean values in row with different letters at the same value are significantly

difference (p<0.05).

nd = not-detected



Appendix table 5. The effect of packaging on -carotene of intermediate stage kaffir lime

leaves dried by microwave during storage

[-carotene content

storage time (days)

Laminated foil LDPE
0 65.35+1.45™ 62.35+1.45™
25 59.30+0.20™ 43.81+0.06"
50 47.23+0.33 44.77+0.26"°
75 36.09+0.42" 25.53+0.84"
100 23.27+0.44" 8.49+0.16"
125 nd nd

PP Mean values in a column with different letters are significantly difference (p<0.05).

Mean values in row with different letters at the same value are significantly
difference (p<0.05).

nd = not-detected
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