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Development of Litchi Products and Their Shelf Life Studies

Asst. Prof. Ratana Attabhanyo, Assoc. Prof. Dr. Nithiya Rattanapanone

Miss Benjamas Puangsombut, Mr. Wattana Auetrongjit and Miss Darunee Moonrote

Abstract

A development study of three types litchi products :- dried whole litchi fruit, dried flesh
litchi , canned litchi puree and their shelf life was studied.

The requirement from consumers for the quality of a dried whole litchi fruit was first
studied using an ideal ratio profile. It was showed that a red peel colour, a strong litchi odour,
and a combination taste of sweet and sour were the preference characteristics. Three drying time
and temperature combination for pilot plant scale were compared. It was found that a whole
litchi fruit could be dried continuously at temperatures 60, 70, 80, 70, and 60 degree C for 6, 6,
15, 12, and 3 hours, respectively for a total drying periods of 42 hours was recommended.

In studying the maturity of litchi fruit for drying, it was found that a fully ripe stage (74
days after a fruit size of 0.29 X 0.61 c¢cm and a weight of 0.05 g) had more fruit weight, flesh
weight and anthocyanin content in the peel fruit and total acidity in the flesh less than the
partially ripe stage (64 days after a fruit size of 0.29 X 0.61 cm and a weight of 0.05 g). In
studying a concentration of HCI solution and a dipping time, 3 levels of HCI concentration (0.5,
0.3 and 0.1 N) and 3 periods of dipping time (15, 20 and 25 minutes) were compared. It was
found that the litchi fruit dipped in 0.5 N HCI solution for 15 minutes before drying could
improve the red peel colour. This treatment also had no effect on the quality of the dried litchi
fruit. Studying the maturity of litchi fruit with a combination of acid treatments was used to
maintain the red peel colour after drying. The results showed that a mature fruit dipped in 0.5 N
HCI solution for 15 minutes could maintain the red peel colour of its dried fruit and the dried
litchi fruit had a lower acidity as malic acid than a dried litchi fruit from the partially ripe stage.
Storage of the acid treated fruit at 4 degree C for 1 week could further reduce the total acidity in
the dried litchi fruit and the quality of the fruit was accepted by taste panels.

The shelf life of dried litchi fruit (150 fruits) packed individual in a sealed packaging of

HDPE, OPP, OPP with a silica gel sachet and OPP with a combination of silica gel sachet and an



oxygen scavengers sachet store at room temperature were studied. The maximum shelf life of the
fruit were 7.22, 9.31, 9.68, and 10.95 months, respectively. The best quality of the dried litchi
fruit was obtained when the dried fruit was packed in OPP with a combination of a silica gel
sachet and an oxygen scavengers sachet. This storage condition could delay the fading of the red
peel colour and the increasing of moisture content and a_,.

Studying for a consumer requirement of the quality of dried flesh litchi using an ideal
ratio profile showed that a yellow colour, a strong litchi odour, a combination of sweet and sour
tastes, and a good texture were the preference characteristics. The development of syrup
formulations and candying methods was done. It was found that a slow method of candying by
dipping fruit in a mixture of sugar solution containing citric acid 0.7%, sodium metabisulphite
0.2% and calcium chloride 0.7%, started from 350brix, then increased every day to 40, 45, 45°
brix, and it was further stored in 45%brix solution for two days. This method had the best
preference.

A suitable condition for osmotic dehydration of flesh litchi fruit was studied. It was found
that dipping the fruit for 3-4 hours in a 70% sucrose solution with 0.4% sodium metabisulphite
and a fruit solution ratio of 1:1.5 provided better quality products than a 70% sucrose solution
with 15% glycerol and 0.4% sodium metabisulphite.

The drying patterns of flesh litchi fruit were studied. It was found that drying
continuously at temperature of 75, 65 and 60 degree C for 2, 6 and 6 hours, respectively was
recommended. The candied flesh litchi had moisture content 23.12%, a_ 0.482, colour L, a*, b*
values of 43.56, 2.56 and 12.89, respectively. The osmotic dehydration of the dried flesh litchi
had moisture content 31.33%, a_ 0.421, colour L, a*, b* values of 43.10, 3.10 and 15.65,
respectively.

The best storage condition for both dried litchi products was in an aluminium foil
(AL/LDPE) package. The shelf life of the products at 8 degree C and at 25-30 degree C were 12
and 8 months, respectively.

In studying a canned litchi puree, preference for particle sizes of litchi puree from 20 fruit
factories were surveyed. It was found that particle sizes larger than 4.7 mm were required.

To get this particle size, blending the puree at liquify speed for 5 seconds was recommended. To



prevent pink discolouration, the products were adjusted by adding citric acid solution to final
pH not lower than 3.95.

Studying of the incubation test, it was found that the process times for both broken and
puree products were similar for 18 minutes at 100 degree C for 300 X 407 cans and the process
time for 603 X 700 cans were 28 and 30 minutes, respectively. The heat penetration of both
canned litchi products were a simple heating curve-type convection. The cold point of 300 X
407 and 603 X 700 cans were 3.5 cm and 6.5 cm from the bottom of the can, respectively. The

sterilization value (F*”°, ) of broken and puree products for 300 X 407 cans were 3.61 and 3.24

100
minutes, respectively and for 603 X 700 cans were 3.40 and 3.22 minutes, respectively.

The results from the shelf life study showed that both products could be stored for more
than 12 months at 25-30 degree C, but from the consumer acceptability for colour, it was
recommended a storage time of 8 months only. The recommendation process times from the
Ball formula method with an initial temperature of 80 degree C for broken litchi in 300 X 407
and 603 X 700 cans with drained weight of 300 and 2,700 g at 100 degree C were 18.79 and
22.70 minutes, respectively and for litchi puree with net weight 420 and 3,000 g at 100 degree C

were 15.56 and 19.76 minutes, respectively.

Key Words : litchi, dried litchi whole fruit, dried flesh litchi, storage, osmotic dehydration,

candying, canned litchi, thermal processing, and F value.
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¥iiaveslwanes ONIIMITUHIUVDIN Y oNIIMITY
(Radans Ao 100 ﬂﬁNé’J) thuvedlesh
o, co, N, (laan3u fe
100 ﬂ]i]ﬂﬁ?)
Polyolefins
- Low Density Polyethylene (LDPE) 500 2700 180 1.0-1.5
- Medium Density Polyethylene (MDPE) 250-535 1000-2500 85-315 0.7
- High Density Polyethylene (HDPE) 185 580 42 0.3
- Polypropylene (PP) 150-240 500-800 40-48 0.7
- Biaxially Oriented Polypropylene (OPP) 100-160 540 20 0.25-0.4
Ionomers
Ethylene-Vinyl Copolymers
- Ethylene Vinyl Acetate Copolymer (EVAc) | 300-400 600-1000 50-100 1.5-2.0
- Ethylene Vinyl Alcohol (EVOH) 840 6000 400 2.0-2.3
(Dry) 0.01-0.09 - - ;
(Wet) 0.65-2.03 - - 1.4-3.8
Vinyl Plastics
- Polyvinyl Chloride (PVC)
(Nonplasticized) 4-30 4.50 1-1.0 0.9-5.0
(plasticized) 100-1400 20-12000 - 5-4.0
- Polyvinylidene Chloride (PVDC)
(Homopolymer) 0.1 - - 0.044
(Copolymer) 0.08-0.25 0.38-6.0 0.012-0.16 0.05-0.2

37 : John (1993)
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2.7 TlsuenInloweniiau (Proanthocyanidin)
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Bacillus subtilis 0.6 121.1

31 : Holdsworth (1997)
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Putrefactive anaerobes
C. botulinum (type A&B) 0.1-0.2 14-18
C. sporogenes (PA3679) 0.1-1.5 14-18

Acid-food (W19% 4.0-4.5)

Thermophiles (spores)
B. coagulans (facultative mesophilic) 0.01-0.07 14-18
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B. polymyxa \a¥ B.macerans 0.1-0.5 12-16
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31 : Laroussse and Brown (1997)

2.1 wnaduates Faldun Bacilius coagulans, Clostridium butyrium, CI.

4
A a 9
thermosaccharolyticum, Cl. pasteurianum, Alicyclobacillus AZIFDINFUANUAIINIOY

1 J 1 4 '
22 winhigdwades 1dun Bad 51 uaznuaiiGelungu Lactobacillus

TM5u B. coagulans %ﬂ@éﬁluﬂ’cjn thermophilic aerobic sporeformer mmﬁmﬂ?ty”lﬁ“lu

a o s A J a o 4 A A A
NAAAUNNUNBDFUINNIT 4.0 Tﬂamwwwa@mmmmmamﬁ Tﬂﬁl‘ﬂ B. coagulans UM

1=} A =1 =W =1 d' [] dy 9 ] dy =)
D,, = 0.1 WM (W30 D,, = 20 ¥IN) taglia F, = 0.5 w1 (Hoxure lunioasonio

[l zﬂy =R I a A Y =R o
NFTUIUNTNUFDLUU HTST process) ﬂﬁlﬂu@auﬂﬁﬂﬂﬂa’]ﬂﬂﬁﬂﬂﬂ B. polymyxa



27

o o a o ' . 1 {
mmugauﬁaiuﬂqu butyric anaerobes 1dun ¢ pasteurianum Wag CIL butyrium f

a 9 a o A 1 A 9/ a
mmmmity"lsﬂuwammmwuwm%qqmw 3.8 IﬂﬂlﬂW133J$!"lJE]H/]ﬁLL@$Wﬁ]lilﬂﬂﬁ ClL

9 1
v A

pasteurianum W% Cl. butyrium HAMUNUNIUADANNS DU AuiuNfiloBUINNI 4.3 aU-

= o - J o A a J A A ° 1
“l/]iEﬂfuﬂq&lﬂﬂﬂﬁTﬁ]&Qﬂﬂ?ﬁﬁlﬂqm‘ﬂﬂl} 205 mmwmulla@ HAagnWeynInNI1 4.1 wWYN

U

4

maenguvgl 184 esrvlusulad @9 Azizi and Ranganna (1993a) 51841471 B,
3| a A d o w o Y a
licheniformis Wag CL sporogenes Wlugaunsontluaungdnginlnnszilosuinlunan-
% 4 [] =l v J [ oazl = A 1 Y
Aunuza1ATuiug Alphonso ATUTINAADANDHIANUANTD IUMINUNIUADAIINI OU
J a A ' =2 A . . . A
Yo3a1/03 (D) YOIRAUNITIAINA1Y WAMIANBINUNNNOY 4.2 B. licheniformis WA D,,, =

= d'd 1 QI S 1 = 1 d'd s 1
1.25 W0 uagNNe¥NINY 7 UA1 D, = 3.12 W0 I CL sporogenes NWOYF 4.5 YA D, =

= A A = s K 1 9 3 5 d' 9 1 dy a
6.8 N HasnNey 7 U1 D =0.51 UM ﬁ]\‘lﬁ‘;:“lJ’ﬂﬂ’ﬂiJi’é]uellufvﬂﬂal%cluﬂﬁquﬂ‘]fﬂWEWI

121.1

2 ) VoA 0 o Y, v o o MY
AUNNUNLIBDYUDINANIDININY 4.0 G]'f]\?ﬁ’lﬂJ']iﬂfJ‘UEl\jﬂ']iﬂ'l\ﬂum@\‘]l@uulcﬁllllﬂ a3y

v v
I 1 o A

a o JAaA ' Y o v Ay o s
aﬂﬂmMﬂNWLfJ%@gﬁlu%’N 4.0-4.5 ANUITDUVUR ‘VIGI,GWJWL‘KGGIEJQﬁTmﬁt‘lVHmEJﬁ'}JfJi"UEN B.

=

A A

4 I a a { [
licheniformis 110910 B. licheniformis \iluyaunidnannsonig 1dluemisilifiovod
1 a o s A 4 a J A 4 1

Turis 4.2-4.5 endulundasusindoudoiiow1ngaun3 d¥lindue 15U B. coagulans
£ g a ada A
udlugaunsdnnuluuzivema

9 @ v g a ada J .

03T Y Alicyclo bacillus ﬂmﬂwﬂqaumwagiuﬂqm aerobic sporeformer wuunlu
09; 9/ ' g’ = 3‘ J 3’ A Aaa 1 = 1
wald wu dhweddla dhedu dwzd@ems AlieruINnd 3.0 HANuNUNIUAD

IS

v J Y 9 Y a ' 5 v
AINITDUGN Tﬂﬂmwwiuuma"lmmmu LLE’I%?Jﬂ’JTﬁJTIuVI"Iu@@ﬂ’NZJHJL!ﬂiﬂ]lﬂﬂ un

=381 uag D, = 0.8 W

196 212

D,,,= 81 U1, D
& A ) v ) od 9 £ g
wossianuiou laun Byssochlamy, Taiaromyces, Neosartorya adosnas vy

a a a Y] 4 { 1 1 3'

%iia ascospore AWTNN3Y 1A IukAasasindesgend 2.5 Taun shwaldl ma'ldnsedlos

:I Y 9 9 A A a ~ 1 ] ~ A (A

wwa lddudy nFesduiasuguam anunumuaedisnudonaz luanziiidsua

a Y dydy 1 dyw 1 Y a A = a
PONFIIUNDY (Morton, 2000) UoNIINFeI1 Iunguiidine liinamsidonasluuey 1waa
s A ' o Yy v A A ~

WsNIen tazeImsous uagniagladiennuiouiigurgi 90 sermuwmFea U 1

~ A =l ~ a A d 1 1 A Aa

N Wenlseumeusiavsansandluaiulszaeulueing wunlusninsniniauian nia

a a Jd A I 1 = ' 9 Y A

Fa5n uaznsamsimsn Wuadwdsene B. fube Nanunumuseanusouladniiemsnil

A aa & ' Y Aq Y A Y 1o I
nsauananaznsaesdantudiuilsznoy  anudeunlaoousuorviriswinma lil lusuilu

9 o 4 1T A A A S 1 1

Aoaianealesves Cl Bowdinum iz hinigyluemsiiiesdinil 4.6 anununiude

9 a A o 9 421 (K% [ 1 a a 3} A [l
anwiouvesgaunsdlumalll Yuednuvaeilede wu Usinauazsiaveuimaniudiu
a a It 1 a ' { t;
Usenou 0% UAZFHAUDINIA NIADUNTIUNAADNITASTNAITHY  TasnUNNHDFA
A A Y A a @ 3 = YA a o a A =
wuaiGeadeamsntuiynn duiuddldimaaumsUsunsauariiaasll iedSuiioy

Y Y
o3 Tgdu shldnarlumsain¥oanas (Ramaswamy and Abbatemarco, 1996)



3

=).

un

] ¢ ad
an) Qﬂﬂﬁﬂ!l!ﬁ%?ﬁﬂ]i‘nﬂﬁﬂﬁ

% a

1. 19U

Q
v i

A AAq Y 1< Qy A o 4 d'dy ] o

waauwslclfslumi‘nﬂaml,ﬂuwaamwuﬁaqmﬂﬂ%ummmuumau N1
% % = 1 o 1 U % 1 =) = A a
e v wazaiuludunouile Javdanzien Glumﬂmaquymﬂummauuquwu

I Qy AA g A 1 ) 1 1 1
WA, 2542 wag 2543 Wuwaauannuned luszezinniemsai Uﬁiﬂiﬁﬂﬁﬂﬁﬂi%ﬂ?ﬂﬂaﬂﬁaz
a o 1 [ a a J

10 nlansu L!,'g:l‘lluﬁ\ill”IfJ\iiﬂﬂ?l“Iﬂ’JVlfJ”Iﬁ"IﬁGIiLLﬁ%LV]ﬂIuTﬁ?Jﬂ"Iﬁ’O"I‘HTi AUSYATININTTY

v A A o

a Y= oA Yo Qy = 9 9 o S o
INHNT lITT"I'JVIfJ'mEJLGIffNGlﬁﬂJ ma"lmuwaammum Glflﬂ/l']ﬂWﬁVIﬂﬁ@\iVluVIﬁﬁ@u']llﬂlﬂUﬁﬂ]el']

=

¥q v g ' ) o A o A A
lll“luﬂmwuﬁ]uﬂﬂ%ﬂ%ﬂﬂam IﬂﬂUTWﬁQUﬁ]ﬂJ1Lﬂﬂﬂ’]u@@ﬂllagﬂﬂLa@ﬂla’]!ﬂWTgwaﬂu

Y
1A o

' Y v Y
vinaaiuaueny ludmi Titisesuyasda liddimia tag luninde dnaauanauain

NAADIATULAUNTITINAAD

2. qilnsal

2.1 Lﬂ?@d%ﬂﬂ'n@maﬁmﬂaaﬁ (a, meter “Novasina” model RS232, Swiss)

2.2 s?jaumuquqmwgﬁﬁm%’ummm%u (“Kottermann” model 271, Hanigsen,
Germany)

2.3 Lﬂéﬂﬂ%ﬂéjﬂymmﬁﬂﬁuﬁﬁmﬁﬁ (“Instron” model 5565, Universal Testing
Machine Crop.)

2.4 Lﬂ”ﬁém’ajﬂﬁ Minolta chromameter model CR-300 (Minolta Camera Co., Ltd.,
Japan)

25 indeafleinSinmvewiiiaraietinld  (Hand Refractometer “ATAGO”
model N1 JAA138114 0-32% 11ag 28-62%)

2.6 Lﬂ?@ﬂ%ﬂﬁWﬂWi@.ﬂﬂﬁutLﬁi (UV/VIS Spectrometer “Jasco” model v-530,
Japan)

27 IsedeLUTaLUMA (3¢ PE 555 UTHNU10083100)

28 @ouauiou (Fu BE 200 uSHnaeamad uiiieTiiiia)

2.9 ’e]'NlilM’J‘UﬂﬂJQﬂm{]ﬁ (Water bath, DFL : Model D 1004, Germany)

2.10 1ATDUVE (Shaker, Octogen 200 Test sieve shaker)
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3. M9a

3.1
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3.3
3.4
3.5
3.6
3.7
3.8

3.9

3.10
3.11

3.12
3.13
3.14
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m%l'aﬁﬂmmwﬁﬂ (Viscometer, Brookfield Model RVDV-II)

é’mmé@ (Incubator, Haraeus : model D-6450 Hanau, Germany)
Lﬂ?@ﬁlﬂﬁnﬂuﬂiﬂﬁﬁ (pH meter “Orion” model 520A Orion Research Inc.,
USA)

‘Viﬁ)ﬂfiﬂﬂﬁmﬁ U (Autoclave, Gallenkamp : model AUX-700-010, England)
w3eaFanAion 2 @M uay 4 @wMue (Analytical balance, Sartorius,
Germany)

m’?mi’ju (Blender “ Imarflex”, model IF-308, Thailand)
m?mﬁuﬁnqmwgﬁuaznm (Time-temperature data logger, Ellab, model
CMC 821, Denmark)

ﬁﬁﬂﬁwjn%@ (Retort, model RT-6/Ft, Thailand)

Lﬂ?@ﬁﬂﬂmﬂi vilog (Double seamer, Varin, model VFM20, Thailand)

aemoes Tudula (Thermocouple, Ellab, Denmark)

NSAFATN (Citric acid, GR Grade, E. Merck, Germany)

NIABZFAN (Acetic acid, glacial GR Grade, E. Merck, Germany)
nsn'lalasnanin (Hydrochloric acid, GR Grade, E. Merck, Germany)
avtlilosaamla (Copper sulphate, GR Grade, J.T. Baker, USA)

Faozdian la laasn ( Zinc acetate dihydrate, GR Grade, J.T. Baker, USA)
Tcmﬁamum”lu«fs’a“lﬂﬁ (Sodium metabisulfite, GR Grade, E. Merck, Germany)
Tsdennae lsa (Sodium chloride, GR Grade, E. Merck, Germany)
T“ﬁlﬁﬂhiﬂl!ﬂﬁl‘%ﬂﬂﬂﬁlﬁiﬂ (Sodium potassium tartrate, GR Grade, J.T. Baker,
USA)

Tmﬁau”lamaﬂ"lmﬁ (Sodium hydroxide, Sodium hydroxide, GR Grade, E. Merck,
Germany)

IU?IN‘WH@Q‘UQ (Bromophenol blue, GR Grade, E. Merck, Germany)
Tﬂxmm%umaiﬂcﬁﬂﬂuﬁ (“Baker” Potassium ferrocyanide GR Grade, J.T.
Baker, USA)

mﬁauua (Methylene blue, GR Grade, E. Merck, Germany)
laTasnunlosoon loa (Hydrogen peroxide, GR Grade, E. Merck, Germany)

Huodvimau ( Phenolphthalene, Fluka , Germany)
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naEDTU ( Glycerine B.P., USP. Glycerol, S.K. Trading, Thailand)

WNaLsA (Methyl red, Merck, Germany)

NIAN 1{ 150 (Tartaric acid, Cario Erba Reagebti, Germany)

1 Tau (Becto®Peptone, Difco Laboratory, USA)

Twaldand lasaesmy (Potato dextrose agar, E. Merck, Germany)
manidermy (Plate count agar, E. Merck, Germany)

VFadeudansuesmy (Brilliant green agar, E. Merck, Germany)

nsnlau (Tryptone, E. Merck, Germany)

PaAPATUNING (Yeast extract, E. Merck, Germany)

ANG 1A 3 el (Dextrose, Fluka, Germany)

lalddaFeunoava (Di-potassium hydrogen phosphate trihydrate, E. Merck,
Germany)

ﬂgiﬂiﬁllﬁlﬁwﬂ (Glucose syrup 85.6 ‘brix, Food grade, u?ﬁmuﬂiwmm;qmw

[

nNa)

Do

9

4
WMans v NUIENG (UTENNATHaTINg)
FHAUDI1151993 INTFU (Erythrosine)

4 a 4

M TuTasouusgns 99.9%
L

qIQANNUYU (silica gel)

a9 @ﬂﬁlﬁlﬂ‘ftfﬂ,i}u (oxygen scavengers “ Wonderkeep” Japan)

4. MPULVIIY

4.1

4.2

4.3

4.4

4.5

941A7 (Oriental polypropylene, OPP) U119 8 X 12 i1 v 0.5 Taawas Han
Tagu3HNgHAYAAIMATIUNAIEAN 3100

By (High density polyethylene, HDPE) U110 8 X 12 i v 05 Tadwns
HaA TasLTENYUAQAAIHNITUNAITANA 911iA

9gINA (Nylon/PE) U119 5.5 X 8 12 i1 0.75 Uadwas waa laguitn

Q" q
J o w

UNAUITNIINGA

a A

949gitiigy (OPP/AI/PE) vU1A 6 X 7.5 €2 %u1 1.0 Uadauas

a a o J o w
Wﬁﬂiﬂﬂﬂi‘ﬂﬂl!WﬂNWiﬂﬂWﬂﬂ

&

Y
930U (Polypropylene, PP) 4110 7 X 9 17 111 0.5 Aadwas waa laou3tngiln

Q

PAAINNITUNAIAAA 1NA

E]
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5. Tsunsuildilszananadeyameada
5.1 Tdsunsudu$agal SX version 1.1 11z 4.0
4.2 TsunsuduFegu Statistic version 4.1

4.3 T15un5Y Excel
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1 a Yy 9 d v I~ =
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(Ray, 1998)
1 = = a a Yy Y I =
A, u%s luETazaeaNANIMITAUAUDDT 15TFU ANVANTY 1% 1Iunal 15 Ui
1 =% [ 4 =1 I'4
1. uxluasazarewauved Ts@euuan luga g 2% TmAsunanlsd 2 % waznia
Aa a I~/ =
FA5N 10% 11Ua1 5 U

an z [~ an 2 [
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IEMsnaaeg STETANNUN-DOU IEmsShmanlaen
1 FR liiugesazae
2 FR 0.5N HCl
3 FR AnauoIMms 1%
4 FR 2 % sod. metabisulfite

+ 2% NaCl + 10% citric acid

5 PR lingasavane

6 PR 0.5N HCI

7 PR FHaNo M 1%
8 PR 2% sod. metabisulfite

+ 2% NaCl + 10% citric acid
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M319 5.2 wamsilsziivaamwue aieaudnydneuniawuug11ae3s Ideal Ratio Profile

UM Attributes Numerical product profile Ratio profile = | t-test
(AY) Ideal (1) Susennanuudn X
X)
mag | SD g SD wag | SD
12 | @mdesoou-| 452 | 1.82 482 1.44 1.07 | 037 |0.3058
1A

1| nauaa 636 | 099 | 524 116 | 082 | 0.16 |-1.0919
12 | seavu 540 | 1.39 6.42 1.71 1.19 | 031 | 0.6045
1| sefien 421 | 091 3.84 1.37 091 | 046 | -0.1877
11| anumie) 2.58 | 1.23 4.44 1.31 1.72 | 0.08 | 8.9074*
7 | anuuda 391 | 121 4.70 1.76 121 | 0.55 | 03633
3 ANUTOUIIN | 10.0 - 6.25 3.75 0.62 - -
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53 wamsnageumedszandudavesifaduninanonaninnaznsaensy
A X a4 A v
VD UHDAUDIUBONBUITIA
Mmsdsziivganwusaioduinsoneuuialuduanunnu salSer @ nau

< [ ad | . a o
ﬂ']’liJl“HﬁfJ'J AITULLU uazmiﬂemmmiﬂm%‘ ideal ratio profile NANITUATICUAIAITI 5.3

L 52 4 v
1IN 5.3 a9 ratio profile VOIUHIAHIUV OO UK

éamam AN INU iﬁ’!ﬂéﬂ? ﬂéu a’ ﬂ’ﬂN!‘i’iﬁﬂ’J AN MIYBNITUIIN
1 1.16 0.82 0.46 1.11 1.47 1.23 0.63
2 1.10 0.58 0.52 1.21 1.20 1.17 0.64
3 1.02 0.80 0.55 1.26 1.26 1.12 0.66
4 0.98 0.60 0.54 0.91 1.13 1.28 0.68
5 1.11 0.65 044 0.97 1.18 1.08 0.69
6 1.11 0.84 0.55 1.07 1.36 1.21 0.77
7 0.99 0.93 0.53 1.01 1.27 1.11 0.71
8 0.95 0.74 0.52 0.88 1.26 1.16 0.73

a d
5.4 Nﬁﬂ]‘i')!ﬂ§1$?‘iﬂ]ﬁﬂ'l‘c’lﬂ]‘i/‘l!!ﬁ%‘ﬂ]\‘ilﬂfl
Waﬂ'l'ia!ﬂi18ﬁﬂ1\1ﬂ18ﬂ1W!Lﬁ$ﬂ1\3Lﬂﬁ "ll'fNau%u“])laﬂ'E)Ullﬁ,\iﬂ'lﬂﬂ'liﬂﬂﬁf]\iﬁ\? 8

Q' 9 [ o W
GAYIZGIRN Ulﬂwamuﬁﬂﬂumin 5.4 uag 5.5 gauany

NI 54 wam‘ﬁmiwﬁmamfm1wmaaa§a§ugsgﬁéueuasﬁaﬁe 8 éﬁ‘ﬂﬂaﬂ\‘i
éa‘nﬂam a Water Activity Shear force
L a* b* (a,) N)
1 51.17 4.00 12.36 0.57 88.34
2 51.77 3.70 12.23 0.51 95.23
3 51.89 3.93 12.55 0.57 118.04
4 52.18 3.71 12.69 0.43 113.90
5 53.46 3.55 11.97 0.40 95.86
6 53.46 3.65 12.00 0.66 96.59
7 52.24 3.67 12.47 0.59 80.64
8 53.60 3.82 13.93 0.60 89.64
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M3 5.5 wamﬁmﬂzﬁ‘nNmﬁmaaaéaéu%wﬁémmaﬁ’a%& 8 éﬁ‘ﬂﬂai’)ﬁ
é&’nﬂﬁﬂﬂ Total acidity Total sugar Reducing mm%uﬁeuau mm%uﬁé’mu

(%) (%) Sugar (%) (%) (%)
1 0.57 56.32 28.60 57.88 21.77
2 0.51 55.46 28.44 59.18 20.05
3 0.75 55.61 28.35 57.52 24.01
4 0.43 54.05 27.68 67.23 20.19
5 0.40 54.74 27.46 61.27 20.07
6 0.66 52.85 28.66 67.03 21.87
7 0.70 53.03 28.47 66.58 24.18
8 0.60 53.40 29.14 68.36 21.99

a d [y - a
5.5 MIAUAIZHNavRINAazToABAUNNYDAUDAUINTDONB NI
HAMIATUIUIINAZLUUNITIOUS VVBIANATOUTUADAUNINUYBULDAUIUTOND
urwfSoufeuiuuaazilaseluununmsnaass (1319 5.3) 119 8 danaaes ajilualddelu

M139 5.6, 5.7 1ne 5.8

o ' d
1314 5.6 Wﬁﬂ1'§ﬂ11—!'Jmﬁmlﬁa{ﬂ1ﬂWﬂ3lﬂ51$1”iﬂ1\‘lﬂ1ﬂﬂ‘lW

Facto Variable L aon a* ann b* ad
r Name Effect Calculated t Effect Calculated t Effect Calculated t 2
A Sucrose -0.797 -3.783 e 0.083 1.486 a -0.495 -1.849 b
syrup

B NaCl -1.263 -5.989 e 0.032 0.585 -0.175 -.0654
C Citric acid -0.562 -2.669 d 0.118 2.117 c -0.360 -1.345
D Na,S,0; 0.523 2.479 d -0.223 -4.008 e -0.715 -2.671 f
E CaCl, 0.193 0.913 -0.053 -0.946 -0.540 -2.017 c
F Dummy -0.057 -0.273 -0.077 -1.396 a -0.210 -0.784
G Dummy -0.292 -1.388 a -0.012 -0.225 -0.315 -1.177

0.2108 0.0555 0.2677
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o d' 14 a d =
1319 5.7 Wafn5ﬂ1u’)mﬂvlﬂﬂ]ﬂﬂ]ijlﬂi]gﬂﬂ1ﬂlﬂn

Factor Variable % Total Acidity aon % Total Sugar ann % MC flouou (]
Name Effect Calculated t Effect Calculated t Effect Calculated t f
A Sucrose -0.040 -2.263 c 2.200 16.197 e -8.337 -15.051
syrup
B NaCl -0.050 -2.828 d 0.565 4.160 e -0.828 -1.494
C Citric acid 0.185 10.465 e 0.040 0.294 -1.758 -3.173
D Na,S,0, -0.020 -1.131 -0.825 -6.074 e 0.767 1.386
E Ca(l, -0.125 -7.071 e 0.115 0.847 0.443 0.799
F Dummy -0.015 -0.849 -0.150 -1.104 0.038 0.068
G Dummy 0.020 1.131 0.120 0.883 -0.783 -1.413 a
0.0177 0.1358 0.5539
Factor Variable % MC ¥ia99y ann Shear force (N) ann a, )
Name Effect Calculated t Effect Calculated t Effect Calculated t f
A Sucrose -0.583 -0.983 4.175 0.298 -0.058 -0.929
syrup
B NaCl -0.438 -0.738 -5.505 -0.393 -0.033 -0.525
C Citric acid 2.383 4.019 e -2.755 -0.196 0.113 1.818
D Na,S,0, -0.447 -0.755 -10.405 -0.742 -0.002 -0.040
E Ca(l, -1.583 -2.670 d 2.785 0.199 -0.053 -0.848
F Dummy 0.693 1.168 9.660 0.689 -0.088 -1.414
G Dummy -0.473 -0.797 17.320 1.235 0.002 0.040
0.5928 14.0232 0.0619
Factor Variable Reducing sugar aon
Name Effect Calculated t
A Sucrose -0.275 -0.531
syrup
B NaCl -0.105 -0.203
C Citric acid 0.340 0.656
D Na,S,0, -0.185 -0.357
E CaCl, -0.500 -0.965
F Dummy -0.720 -1.390 a
G Dummy -0.135 -0.261
0.5180
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M3195.8 wanmsanailanndeyamsmageumanulszamauda

Factor Variable AUNIY ann sanlieon aon nau aon
Name Effect Calculated t Effect Calculated t Effect Calculated t
A Sucrose 0.087 2.190 -0.076 -1.193 -0.042 -1.072
syrup
B NaCl 0.011 0.275 -0.033 -0.518 0.001 0.019
C Citric acid 0.035 0.864 0.200 3.133 e 0.019 0.476
D Na,S,0, 0.048 1.201 0.001 0.024 -0.007 -0.184
E CaCl, 0.073 1.827 b -0.044 -0.683 -0.030 -0.767
F Dummy -0.057 -1.414 a -0.010 -0.157 0.001 0.019
G Dummy -0.001 -0.013 -0.090 -1.405 a 0.056 1.414 a
S.E. 0.0400 0.0637 0.0394
Factor Variable G ann ANl aon AL aon
Name Effect Calculated t Effect Calculated t Effect Calculated t
A Sucrose 0.166 1.845 b 0.023 0.254 -0.041 -0.899
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S.E. 0.0046
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ﬂi’)ﬁﬂ‘ﬂﬂ!%‘ﬂ]ﬁﬂ]ﬂﬂ1W‘lli’)ﬂ!ui’)au?]

In sucrose 70% Time | Weight | Temp Syrup flesh Weight Weight Soluble solid
Flesh : syrup (hr) (2 ( Ke ) Brix a, o Brix a loss (g) reduction gain (g)
(%)
1:1 Control 0 500 70 60 0.822 | 15.20 | 0.886 0 0 0
1 365 40 44.8 | 0.861 | 28.65 | 0.871 135 27.0 28.57
2 330 355 42.7 | 0.863 | 32.35 | 0.873 170 34.0 30.76
3 330 31 41.2 | 0.865 | 32.95 | 0.868 170 34.0 32.74
4 320 32 40.6 | 0.872 | 33.40 | 0.865 180 36.0 30.88
5 317 30 40.4 | 0.872 | 34.50 | 0.867 183 36.6 33.37
1:1 +0.4%SMS 0 500 68 62.5 | 0.821 | 15.20 | 0.886 0 0 0
1 360 41 45.0 | 0.862 | 27.50 | 0.877 140 28.0 23.09
2 330 36 429 | 0.867 | 32.40 | 0.874 170 34.0 30.92
3 310 31 41.0 | 0.867 | 35.40 [ 0.865 190 38.0 33.74
4 305 30 40.6 | 0.865 | 35.60 | 0.864 195 39.0 32.58
5 298 29 40.2 | 0.871 | 36.00 | 0.860 202 40.4 31.28
1:1.5 +0.4% SMS 0 500 69 63.0 | 0.805 [ 15.2 | 0.886 0 0 0
1 325 47 51.0 | 0.856 | 30.5 | 0.868 175 35.0 23.13
2 280 37 48.5 | 0.861 | 39.1 [ 0.856 220 44.0 33.48
3 280 34 47.8 | 0.860 | 39.4 [ 0.856 220 44.0 34.32
4 278 31 472 | 0.861 | 39.5 | 0.855 222 444 33.81
5 274 29.5 469 | 0.863 | 40.0 [ 0.850 226 452 33.60
1:2  +0.4% SMS 0 500 68 63.0 | 0.791 [ 15.2 | 0.886 0 0.0 0
1 320 46 5235 ] 0.846 | 31.1 | 0.862 180 36.0 23.52
2 305 38 50.3 | 0.848 | 34.07 | 0.867 195 39.0 2791
3 290 33 494 | 0.854 | 40.8 [ 0.86 210 42.0 42.32
4 278 32 49.2 | 0.855 | 44.7 | 0.843 222 44.4 48.27
5 275 31 48.6 | 0.859 | 46.2 | 0.837 225 45.0 51.05
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é’nymxmemamwmmzﬁaéug
S60% :G15% TimeWeight| Temp Syrup flesh Weight Weight Soluble solid
Flesh : syrup (r) | (9 ’c) ° Brix a, ° Brix a, loss (g) | reduction gain (g)
(%)
1:1 Control 0 500 70 60.2 0.788 15.80 | 0.892 0 0 0
1 365 43 45.6 0.837 30.00 | 0.878 135 27.0 30.50
2 343 345 43 0.842 3275 | 0.875 157 314 33.33
3 331 315 41.7 0.859 3240 | 0.872 169 33.8 28.24
4 330 30 40.7 0.868 33.57 | 0.870 170 34.0 31.78
5 330 29 40.2 0.872 35.02 | 0.861 170 34.0 36.57
1:1 +0.4% SMS 0 500 71 61.7 0.772 15.80 | 0.892 0 0.0 0
1 370 45 439 0.843 30.00 | 0.876 130 26.0 32.00
2 345 35.5 41.9 0.853 3220 | 0.867 155 31.0 32.09
3 341 315 41.3 0.86 35.35 | 0.857 159 31.8 41.54
4 336 30 40 0.872 3540 | 0.855 164 32.8 39.94
5 330 29 39.8 0.871 36.00 | 0.853 170 34.0 39.80
1:1.5 +04%SMS| 0 500 71 63 0.754 15.80 | 0.886 0 0.0 0
1 350 44 48.7 0.828 30.40 | 0.875 150 30.0 27.40
2 305 35 46.8 0.846 36.88 | 0.854 195 39.0 33.48
3 290 31 45.8 0.841 3875 | 0.852 210 42.0 33.38
4 285 30 45.5 0.842 41.52 | 0.845 215 43.0 39.33
5 280 30 45.4 0.844 41.9 0.851 220 44.0 38.32
1:2 +04%SMS| O 500 70 63.8 0.750 15.8 0.886 0 0.0 0
1 340 45 52.6 0.849 30.9 0.867 160 32.0 26.06
2 300 36 50.6 0.852 41.0 0.858 200 40.0 44.00
3 290 31.5 50.1 0.878 429 0.852 210 42.0 45.27
4 284 30 49.9 0.856 43.7 0.839 216 432 45.11
5 280 29.5 49.7 0.857 443 0.848 220 44.0 45.04
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A9NAa0d 4, 8= 1:2 + SMS
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TA = total acidity , TS = total soluble solid
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