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Wanwisa Sriwimon 2010: Development of Jet Impingement Freezing for Ripe Mangoes (cv. Nam
Dok Mai). Master of Science (Food Engineering), Major Field: Food Engineering, Department of
Food Science and Technology. Thesis Advisor: Assistant Professor Waraporn Boonsupthip, Ph.D.

109 pages.

Frozen ripe mango (cv. Nam Dok Mai) is a Thai fruit which is globally popular. It is texturally
damaged due to formation of ice crystals during freezing preservation. The first objective of this investigation
was to optimize ripe mango preparation for freezing process. Partially ripe mango was used as an alternative of
ripe mango. Based on its stronger structure, partially ripe mango could better withstand texture damage by ice
crystals. Its flavor and color could be enhanced by impregnation of mango juice and sugars (natural flavor) into
the mango matrix. This investigation found that calcium carbide incubation for two days helped prepare the
mango at a partially ripe state. Vacuum infusion was more effective than natural mass diffusion in incorporation
of mango juice-sugar mixture (shorter soaking time (~10 min at 74.66 kPa) and better mango quality (texture,
solid content and color sensory scores ~ 7 — 8 in a traditional 9- point hedonic scale). After freezing (air-blast,
jet-impingement (JI) and cryogenic freezing) and thawing, the juice/sugar-infused mangoes were high in
sensory scores (7 — 8) and low in drip loss (9 — 12 g/100g) values. They better tolerated freezing damage than
did ripe mango. This proposed method can help reduce the post-harvest losses arising from the faster spoilage
of more ripe mangoes. It enhances natural flavor and taste of the partially forced ripening mangoes which
normally impart only color. The second objective of this investigation was to evaluate the potential use of JIF
with cool air for frozen partially ripe and ripe mango (incubated with calcium carbide for 2 and 3 days) as an
alternative. JIF is a novel freezing technology which applies cool air at high velocity. The air is controlled to
perpendicularly strike onto food surface to better reduce the inherent air insulation around the food surface than
directionally uncontrolled air like air-blast freezing. In the JIF experimental process, the air velocity (v =15, 25
and 35 m/s for one upper jet nozzle and v = 10, 15 and 20 m/s for upper and lower jet nozzles) and the ratio of
distance between nozzle and mango surface, and nozzle diameter (H/D = 5, 6 and 7) were varied. It was found
that partially ripe and ripe mangoes after frozen at proper jet impingement conditions (H/D = 6, v =35 m/s) had

as best quality as those frozen with liquid nitrogen.

Student’s signature Thesis Advisor’s signature
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MINN 1 ﬂmﬂ'lﬂ'lﬂiﬂﬂfu'lﬂ'liﬂl@ﬂu%llﬂ]\i: 100 N3y

Composition Amount
Water 80.5-83 ¢
Protein 04-08¢g
Fat 02-06g
Carbohydrate

-Sucrose 7-11g

-Glucose 05-2¢

-Fructose 2-35¢g
Dietary fiber 1.7¢g
Calcium 10 - 20 mg
Phosphorus 10-17 mg
Iron 0.3-0.5mg
Sodium 3-7mg
Potassium 168 - 214 mg
Copper 897 mg
Magnesium 18 mg
Beta-carotene 0.06 —2.37 mg
Vitamin C 27.8-55mg
Citric acid 200 - 327 mg
Malic acid 0.07 mg
Tartaric acid 0.08 mg
Glycolic acid 0.06 mg

1301: Souci (1994)



g A
1.1 MINULHYI

3 ] 9 < A 1A 1 1
NITINULNYINENINADUNUITEYLNUANULUNNIUUIE TY L‘Wi1$ﬂ3ﬁ'\‘]ﬂﬁ1@8@i\‘l@’ﬂ

] ] A g A Ao ] "o ] 9 A = dy A
AUNTNVDINSH N N%Nﬁﬂﬂlﬂﬂlﬂ831u§$ﬂ$‘ﬂEN]llIl,Lﬂi]ﬂ UNENH eanaelsanlsen nau

Q Q

] A A = :’ Il A g = Aa 1
%"lnwau WAV ININIUBININFYLAIUININ 3J$3J’N‘V]LﬂmﬂEJ’JIH?%EJ%‘V]N?]’NNLLNVHJW?TN

A

A = A A 1 1 A g A 1o a A
Wegnazlisarnu nauven waliifedr davuuzineinuluszeziunsamninuly wion

9 9
A A A 3

~ 1 9 d‘ = = A a Y g} d!
Fonin gnihinaznie Wegnazlinmnin lid Ae wWeliumnuaziteuinalndwaaszd

I { { ] 1 v J 1 @ 4 1o o o 1 ]
PN VNN ANVRINZN IRz HUTazuana NN U Uegnuiladenatved1e 1w

U

1 dl d‘ ] a u'.l Y+ dy a [}
unaanilgn ggmanuziinweenasniazaaradunsziawalae mslide aAnuauluau msda

1 ] o ] ] [} 1 1Y o,
uaa MslFansmiaanu dwvtsveswalunsawn (enowa, 2533) wziwaazAUTINT

4
v v W Y

a a 1 @ AAq Y 2 A o Y an 1 an Y
syauTauanannu awiuarialdlumsmunonamnsoi ldnaeds uaaz 514180

&~

] v qg// [ dy
UNNUNRUTIN Y Felideae Tuil

1.1.1. MIQANYUTNYUDNVDINA

@ ' 1 o J 'w
M3gANYaIZNIBUENYBINA 1ALN N3gUIa NzNIANoUNNIUTouNIA

a

a

A Aa A 4 ' =~ Y o ' A a A 9 1 =
wiavse lviimaziiuduediaviu lada Tasmmizuziianlmddendy wu Wende

o < @ 1 ] { J J v
need1 szliuradunuuuiu lddany 1AnITQUUIAYEINAAI NEUNNLNANAIZIAT 11IQY

v
druved lvanasgganiang (aewa, 2533)
1.1.2. MINUDIYUDINANEI

o ] 2 amAa v A 1A
NITUUDIYUDINANSNIN Lﬂu’mﬂuEJiJ‘l“HLW@W'Iﬂ’J'mLLﬂ‘I/]LWSJ1$’(?(3J"UENWﬁ

1o

. o M i 2 < A g 4 1 g
UEUN @1%“U@1q@\1ll@ Uﬁﬂf@ﬂaﬂﬁﬂﬂ'luso% W?@U']ulﬁllﬁ W?@@QLlﬁwaﬂlu'lﬂlaﬂlﬂ’lﬂJa@

v v k4
[ % o Y a

= A a 9y = Ad A I am 1 9 C
DAUVYAUTUAARNALLAT IUNTSNNIEN u‘I/ILﬂULﬂEJ’Jhlﬂ U UITNILAZ FEAINUAITADIIUNA
I A Y a 1w ' & a =2 o Y
?J'IEJGUENNmﬂ‘UL'ﬂﬁl’J]’lﬂL“]Ju!ila'lﬁﬂﬁﬂﬂuﬂ'lﬂﬂ’ﬂ‘l’iuﬂi]@ﬂ1aﬂlﬂﬂﬂ1i@®ﬂﬂﬂﬂ@ﬂwﬁ m%zumﬂ%

waz'ldwad (Meva, 2533)



d' [ I @ 1 A 3 A v I v dy
M1919N 2 AIDYNVDINTITUUDIYVDINTNIUNDNITNUINGT ('U'N‘W‘Ll‘]z) ANU

v
U U

v < d‘ (Y] v
ug 213N VINEI (31) VAN
gAY 110 ISUDBNABN
J 9 g A
1aen il 100 ADNLNUANN
o ) < {
WUINA19IU 110- 115 ADNUIUANN
[+] d 1
79981 102 ADNUIUANN
hau 70 NAITOADNAANED 50%
1S9 77 WAIBOADNAAND 50%
A <
Ny 95 ADNUIUIAL

3: Tau (2541)
1.1.3. A0 UN

] 4 v v '
WoraNzINT0gMINTY MINUYDIINITNHAIZLINN NN SALYUIA
Y
W30151asvena dawalinnusredumiziinmndu MImANuEs Iz YRINANZINa

v H
AUNAVINANHAULNIIIVNALA0IVDINA U Hauzi 1NN g AU NI INIAzave Ty

b

TUANANA NI IZUANND T UNIZANNY HALNIZHANVDIBUNIZLINANNADY lasna

bl 9

' o 1 o £ 1 o ] 9 I v A 3 A
DOUITADYUILASHALLNISIVUN “]5\'1?]’311]9’3\‘1%”I!,‘Vﬂ%uliJﬁ?ﬂ?iﬂi"]ﬂ,ﬂuﬂ"lﬁuGl,uﬂ'liLﬂTJLﬂEJ'J

4

] Y v J I Y o ] A ' o 1 ' Y
wzieIdnniug Tasegld Idmmwiznuuzineilinnua s umizannnin 1 wangu9u1eiusg
A 12 1 o 9 1 A 1 1 I A 9 < qul
LUBLUNNAIUDINIUNIEUDENIN 1 !‘Wi'l$ll“lf?N’J'Nﬁ8‘H’J'NLhaﬂlmglﬂﬁﬂﬂﬂnmaﬂ%uu@ﬂ

= ] sladdy 9 ] 1Y 4 QI 1 09; [ 09;} o
(endocarp) 41 m"lnmmm%;nu"lmm:wmjzmmnwuﬁwmﬁmmﬂzwm AIUU 91991
I ¥ ] A U ] A = ' 9 dy 1 )
1% 1 dwanzainenfinnuun ldwingaw egnazlisanoudanlien anuandumzaes

] v [ !
VNV GUAAIR T UA13199 3



10

b

] 9
1 o o 1 1 1 S o 3w
ﬂ1§1\1ﬁ 3 ANUDWIUNIZNITINUN Lla3“]f'f]\‘13'l\ﬁ$1’i'ﬂﬂma@ﬂﬂlﬂﬁﬂﬂﬁjuluﬁﬂ%uuﬂﬂﬂlﬂﬂ

4

TR Ve MO TRNRTATS
Tug ANBIDUNIE PRERTONE POIINITHIUNEA
Sundendumdaiimen
EGGR 0.98 a08 )
NoIA 1.01 oY oY
Augni 1.03 Aoy 1oy
WY 0.97 a0 11N
159 0.99 a9y N
EUGETERY 1.00 008 11N
LD 0.99 a0y N
WL 1.04 Y 1oy
1haon'ls 1.03 oY oY
wilanaaiu 1.03 Y 1oy

N aewa (2533)
A . ~ 9 > a
1.1.4. UFnaveadanavuanazaie 1 linnihaeilsunansa
(] A~ dgl A A 2 A Y g} T A
HaveINzd e loguInTuIzliUsnavewdsiazaeld luihwedsua
R v Aa A |a K A2 a
NIANNUY (HRIDINHANE NN 1Igu N YT anihmaiviy drulsunansaszanas
[l ] foy 9 ~ A < = 1 A ] [ a
wziugihaen I lgunmgegaionuineinauzaiaaiiieny 95 — 111 Ju nawwnAana
& Ao ' A 2 A Y] T a '
Faoasauvelsavewtinazaield el mansaunniiie (a19ns, 2526)

a < 09// A 14 g’
1.1.5. ﬂiiJ'lmeUfJ\il,lelN‘VNWiJﬂT]aga'lﬂnlﬂGl,uu'l

] A A 421 A A <3 ;/ ~ Y 3} A 42}
wammamaumqmmuﬂzuﬂimmﬂmmmmwmmzma”l@iummmu

] gJ YA A v A (A < qg// ~ 9 :I
Tagrauzirnimen ldniiey 84 — 90 TulvSinavewdsminuaiazansldluii 10 -10.5 %



11

A A dg‘ <3| 1 ] Aa v A A < qul A
LL@%LN@’Q[ﬂ%%LWNﬂIHLﬂu 19 % ﬁ’JHF\IﬁNﬁJ’N‘VﬁJ@TQ 93 -11113U Nﬂiiﬂmﬂl@ﬂlﬁlﬂﬂﬁﬂhﬂﬂ

vq & A A 2 g
azanglaluiin 10.5 - 12 % uaziiegnazinuiudlu 20 - 21 % (A9A51, 2526)
1.2 mygnuewa 13l
9 o g A = ~ ' o dy
msgnueIra ldvasnninuinealinsuldsuulaan o il

2N
1.2.1. msulasua
A ] = A aa a A I A = a = dy
owauzuNgnumsnlasuulasamnn e niluamaswazldsudiie
I § a do % 7 . .
ndviludmaes Wesnimsaaeveinas IsWadilias 1siuess (Carotenoid) N7
[l < 1 [ ] g} 4 1 1 T
agisngliiuauda (351ms, 2536) Tagluuzairaimen lifiegnnuiilia1L:, Tsaaa
da 42 4 AR 2 9 4 DA
Tuvuznia a* tag b* MVAUILBHANZNNNTE Iz MITAINNUINTY (532, 2545) BzNlo
A A £ o = L ] 1 ] I Y = =
gnaziTraeadIms lsnueea lunzadiu vy oz uuarua 13U (Beta-carotene) Tasil
(] A dgl A A dgl ~ ] gJ Qld'd
aglszanm 60 % uazvzuAUogNINLAY (FANs, 2540) Tasnauziinimen iNiioy 84

[ v Aa A = =) 9 ~ [ 1 [ A dgl =
U HaNAaANa maqﬂi}zmﬂimmmm-uﬂimu 2,286 luTasnsuae 100 NS LazNuAIUIUT

UYsmnmgaga 4,770 TuTasniuse 100 n5u iewanzaia9liong 111 1 (A29A51, 2526)

' Y
1.2.2. malasunlasdnvaiioduia

Y] dy LYY I [ -d'o Y] 9 9 =)
anvuztvduAmiudnuzNdagvewna il waldeziiluanaves
a . ] 9 ] dy v @ ya £~ I a 1
IAAY (Pectin) FroTumudnyuzitodudd luwa ldaudalinnuuidnsoumaauazeglugll
v v ' '
nFudounaz hiazaninieni1Tds Tammaau (Protopectin) tiiona lfisugnTus Tamaduag
I A A gJ 2 o Y o IR A o 1 9 =R Ao A
gnamedlumaauiazaei Jeihldmiurassaaanuedianaiug waldgnislianyasi

2 4 -
HUVU (FANT, 2540)
1.2.3. maasuuilasns lu'lemsa

d' 9}&‘ =1 d' 1 a a
wowa ldiFugnazlisani mszuthinazanluseniumsnsyaolaeg

[ 9 [ Y
waeu ldluihaa Faeznavuluwalilsznnlaauuamesn (Climacteric) Tagwsiiauay



12

a 3’ ~ dy [ (1 [ g} A g}

Ysuanhaannuluiionzindiu Ingiilnihmaylasa sesaanae imagnIaauay

o w . v a g} = 9 A dg‘ A 1 =
nglaa auaIA (Souci er al., 1994) WuJFuaihwalinud THWLgULINoNANE 19T

A dgj dyw 1 ] ~ [ < = ~ = a
FZITMIYANNNINUY HonNHFINUNNI NAgAraINInuNeIImsasuula)sue
091 1 [} d' Y ~
WINAGINNULUWNTNVUAU (558, 2545)

=

H a 4
1.2.4. Mm3nlasuulasnsadunse

[ 0 9 v
Tagna ldsuansaluma lfazmniuaunnigaluszninms

a a [l 9 A v @ 4 g ) 091} dy A YR
Al TaoguuAn 1199 INIRINTIATUA (Krebs® cycle) Adtiutiioidounina 1ianunsa
Aa a a { ] g’ 1 13
¥&130 (Citric acid) tlagnIauIan (Malic acid) ¥10 ﬂmﬁ‘w'U:szqumm"lﬂmu“lwwﬂuma
FAGHA (Succinic acid) T09AININD NIANIANLALNIATATANNAINY AIUnTABLADU Wiy

a Y d! a =\ Y d’ 1 = Q' dgj dyzv
YTuaies FaFununsaluu IluanaulionanziIaNTZ oz NI gINLLINTY HON NG

1 ] ~ [ < = ~ ~ a 1 1 ~ 9

nUNNzURNgAnaImManuneIlnmalasuulaslsnansagannuzingnuuau (929

A31, 2526; 552, 2545; Selvaraj et al., 1989)
1.2.5. msasunilasnausa

msinanausavedwaliszningn iesninaasseme (Volatiles) vaio
a ] 4 = o = 2= 1 dy a ]
YA 19 OANDS 1DAA 187 LOANDIDE A LK MBTHY aFszmamartazinaluialaa
Y '
UNAND3N (Climacteric stage) d13szinoiiloglullsinaioonaldnausaiunalil Taslu
] 3‘ Yy a Aa . . I [ = Y
wzainarhnen liiinsatM3A (Butyric acid) WHaNsvioNTHevan 599090170 151UM
= S ' A @ 3 A ) =) 9
Twiin (Beta-pinene) Tﬂﬂmmmqﬂwmmimumﬂ’mzwumimumu (3-carene) LALLM
= Y a d' 1 = Y Q' dg/
ilanauaTu (Bata-phellandrene) 928 UTinaensnouszimennua v lvaiinun Ty

d’ ) = QI dgl = ~

IONANSHNUTEITMIANNUVU (5T, 2545; fIANT, 2540)
T A <

2. MIUBLEDNUVIDITS

1A 3 I ax a Yo 1 A < 1 g}
ﬂ'liI,LGHLEJ@ﬂLLell\1Lﬂuﬂﬁﬂ15ﬁﬂqmﬂﬁmﬂlﬂﬂﬂ1ﬂ131ﬂﬁ1ﬁ\‘lﬂ’<ﬂﬂqmEJ’E]ﬂLLGINI@]EJﬁ’JuGU’ENHW

A 3 =2 : <3 £ a Yo = v Aa ama '
veldouanmliidunaniugs Fazaaguiigivesos lddasaudeszaunadidie |

a =

annsnvzduiulinsomFimiiae I8 Taoia liinezifluiigamgil -18 esrnuaadoa

Q U



13
A o v =2 gl @ : < 9y 9 42} o g}c!'w 13w
UIDHNININ C]f\?ﬂ'lﬁ@i\?u'lﬂﬂu'llﬂlﬂlmgWﬁi]'lﬂﬂ'lil,"lluelluellu"llﬂﬁﬁ’Jﬁ&'ﬁ?ﬂiuu’]ﬂﬂﬁqﬂllﬂlﬂﬁﬁlﬁ]g
o 9 4 Qady A d‘as)g} 1 09.:} 9 o 9/d' Aaaa
Ml nemesuonalIavesesiisanas waziod Ivinwraniud lliwmdinlulgase
G

v Y v
miiae wag hidlumsdsduldduderaunididumniuemssmnsni 1l F lumsniy

18 @5un3n, 2544; 31, 2546)
z a 1A <3
2.1 YUADUNTINANITUBLYDNLLUNIDIYT

1A 3 I an 1 9 J a o &Y Y
ﬂ’lfill“lﬂf]@ﬂllﬂlﬁlﬂuﬂiiﬂ\nﬁﬂ'ﬁﬂ'lfl‘ﬂ'ﬂ@ﬂ’J’]Mi'E]‘LliS;'W’J'NWflﬂﬂm"Vlﬂﬂﬁ'ﬁglﬂﬂ'ﬂiJ

o Y & 2 A
Wy Taeuiaeonili 3 TUaoUAD

a a o AA a <3
2.1.1 M3anadvBIgUNNVBINANS BT INgRIYTIT NAUD UM ldonIT g

(period of temperature decreasing)

< a o 1 < :.;y o 1
AN IUDIDIMITNNFUAILAINIYABONLAIWD1 (F1171 0 03N
~ A gJ J = a A a ~ a
IEAU