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Abstract 

This study was conducted to analyze long-tetm stored peeled-garlic coated with edible carboxymethyl 
cellulose (CMC) films in order to delay browning and weight loss during storage until distribution. 
Weight losses of peeled-garlic were significantly diffiεrent after 2 weeks in CMC coatings compared to 
control. As viscosity and concentration of CMC sollltion increased, weight losses decr，ζased. Under con­
sideration of peeled-garlic by using CMC material for storagε ， \'iscosity and concεntration of CMC solu­
tion ShOllld be 1,000-2,000 mPa's and over 2%, respectively. The L vallle of pεeled-garlic during 
storage was not different between CMC treatment and control, bllt the a and b \'alue were dεcreased as 
CMC concentration and viscosity werε incrεased. Browning of peεled-garlic was accεlerated after 2 
weeks in control, while peeled-garlic color of CMC trεatment were ahnost not changed llntil 5 ‘vεeks 
in storage condition 
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I ntroduction 

Garlic is one of condiment vegetables, which is 

indispensable in dairy meal to Korean. Thε consumptlOn 

of garlic is constantly increasing annually. Therefore, it 
is necessaη to supply fresh garlic all the year rowld. 

However, demand and supply of garlic is always 

unstable. A selling price of garlic is fluctuant because 

harvest is largely depended on weather, and thε storage 

life is short as w래. Garlic is harvested between late May 

and mid JWle, and s삐pped right after harvest (Lee, 
1979). Distribution process of garlic consist of more 

than 5 steps which are produceζ district disπibut아， 

middleman, retailer, and conSUl1ler. Garlic producers sell 

the garlic to a producers’ cooperative (25%), district 

disπibutor (40%), storage enterprise (25%), and direct 

transaction (< 1 0%). 

For last five years, 70-80% ofthe total market traded 

garlic was a peeled-form which had certain disadvantages 
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during the storage and distribution period (RDA, 2001). 

The percentage of rotten garlic reaches 23.6% including 

rotten in storage (9.1%). The brO\vning is onε ofmajor 

problems, which is done by oxidation of phenol 

compounds like pyrogallol from quinone by poly­

phenoloxidase during the storage and distribution 

(Watanabe, 1988). Therε are problems that rot of cloves 

during storage and distribution of peeled-garlic. 

Therefore, it is necessary to develop storage system for 

maintaining hi탱1 quality and freshness of peeled-garlic 

during storage and distribution through the year. For this 

reason, many researches (Kester & Fennema, 1986; 

McHung, 1996) wεre focused on development of 

functional packaging materials for suppressillg 

deteriorative microorganisms. Edible coating materials 

on fruits or vεgetables will be one of the solutions to 

prolong storage life. Coatings can be formulated fi.'om 

different matεrials including lipid, resins, poly­

saccharides, protein, and syndletic p이ymers. Several 

types of edible films havε been applied successfully for 

fresh fruits to extend shelf life minimise quality 

changes(Chen & Nussinovitch, 2000a; Hagenmai강r， 

2000; Jiang & Li, 2001; Mannheim & Soffer, 1996; Park 

et al., 1994). Surface coatings can also improve dle 
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postharvest quality of horticultural commodities by 

reducing water loss, improving the fmish of the skin 

(Nathalie et al., 1992; Delmy et al., 1990; Brandenbmg 

et al., 1993; Yψonne et al., 1994; Kamper & Fennema 

1984; Gontard et al., 1994). 

Technologies about functional films or coating 

materials for maintaining freshness dming storage after 

harvest have been applied to practical uses, but these are 

limited to a few crops. Coating films are mainly made of 

hydrophobic phase, hydrophilic polymer, emulsif)ring 

agent, and watεr. Carboxymethyl cellulose (CMC) is the 

most excellent water-soluble cellulose derivative in 

many applications in the food industry (01따u et al., 

1998). 

This study were analyzed the q뻐lity changes of 

peeled-garlic during storage and distribution using 

carboxymethyl cellulose. 

Materials and Methods 

Materials 

In this experiment, garlic produced in Seosan, 
Chungchung-namdo 없ea were 6-clove garlic h따vested 

in 2006 and stored refrigerator until usεd. 

Preparation of CMC coating solution 

The manufacture ofCMC coating solution in distilled 

water 200 ml until 5-20 g after adding in 5g intervals, 
all to make CMC quantity with 700C and from thε 

solution to be clεar until at the time of quality, when 

continuously to stir, from in order about under adding 

thε total solution to become 500 ml, distilled water 

200m( It followεd in εach consistency and CMC 
coating solution which is manufactured cooled from 

room temperature. CMC coating process exεcuted from 

room temperature (250C) and the viscosity the low-end 

CMC coating solution about under direct injection 

controlled in thε thin skin garlic and CMC coating 

solution where the viscosity is high about 5 frrst editions 

digested in CMC coat띠g solution. After CMC coating 

solution control ends, the thin skin garlic about t11<ε 

slrrface r，εmoval process of misfortune hazard coating 

from room tempεrature about 8-10 hom used the thin 

skin garlic which is controlled in the experiment which it 

tries to construct. The Table 1 is to show CMC physical 

characteristics it is used in the experiment which it sees. 

Weight loss and chemical analysis 

Peeled-garlics culled out before weight loss and 

chemical analysis were made and spoiled peeled-garlics 

were removed. The influencε of the coating on wεight 

loss(%) was dεtermined by weighting coated and 

uncoat뼈 peeled-garlic during storage. Weight loss was 

monitored daily ovεr 30 days at 250C. The rate ofweight 

losses was calculated weight lossεs ovεr initial weight 

during storagε and expressed as percentage. C이이­

change during storage was measured by using 

colorimεter (TC-3600, Japan). L-, a- and b- value of 

standard plate were 93.8, 0.313 and 31.94, respεctively. 
Tεst for browning was absorbed by the wavelength of 

420 11m of spectrophotometer (UVI601 , USA). The 5g 

of garlic with 7 ml of distilled 、、따er was centrifuged at 

3,000rpm for 30 minutes. Supematant was filtered 

through Whatman No. 2 and t11<εn added 5 ml of distilled 

water into 3.5 ml of filtrate. The filtrate was measured 

by spectrophotometer. Each measuremεnt was replicated 

three tinles. The average values of measurements of 

t11<εse r，εplications were used. 

Statistical analysis 

An each experinlent uses SPSS statistics program 

experunentmg repeat morε than 3th and analyzed. 매Then 

there is significant after ANOVA test to verify 

synonymy, εnforced Duncan’s multiple range test in 

p<0.05 level betw않n experimental group. 

Results and Discussion 

Effect of CMC coating to peeled-garlic in 

weight loss 

Fig. 1 and 2 show weight losses of peeled-garlic by 

using different viscosity from CMC concentrations of 

1 %, 2%, 3%, and 4% rεspectively. The initial moisture 

content in peeled-garlic was 58%. The wεight losses 

after 2 weeks 、vere obviouslv decreased in all CMC 

treatments compared to control. The diffìεrences were 

also obvious by concentrations 

As seen from Fig. 1, Control, however, was gradually 
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Fig. 1. Effect of weight losses of peeled-garlic on different CMC types during storage time by Duncan’s multiple range 
test at 5% level. 
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Fig. 2. Effect of weight losses of peeled-garlic on different CMC concentration during storage time by Duncan’s multiple 
range test at 5% level. 
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consistent to research results about depression of 

respiration and water evaporates by treatment of edib1e 

films used by gluten, cellu10se, and wax to mamtain fiuit 

quality after harvest 떠agenmaier， 2000). 

As seen from Fig. 2, therε were not significant 

10st its weight after 2 weeks, and 50% of wei양1t 10ss 

withirI 5-week storage. Compared to 1 % of CMC 

concentration, 4% of pee1ed-gar1ic of AF0705 m 10w 

viscosity 1essened 4.7% of wei명1t 10ss, but high 

viscosity of AF2985 1essened ovεr 31 %. This result is 
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Table 1. Physical proper1γ of carboxymethyl cellulose 
used this experiment 
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differences in weight lossεs from different concen­

trations within viscosity of CMC coatings. AF0705 had 

weight loss about 1 % wit비n and without regardless of 

trεatment concentrations from 1% to 4%. This result 

\vas similar to AF2985 of2% within and \vithout weight 

loss. 

Consequently the weight losses of peεled-garlic by 

using εdiblε coating film, CMC, during storagε 、Nere

largely affectεd by viscosity of CMC solutions, not by 

CMC concenηations. It is also recommended that the 

viscosity ofCMC should be over 1,000-2,000mPa's and 

concεntration is over 2% for reducing weight loss of 

peeled-garlic during storage. 

Color changes with storage time 

L 때d b value were looked decreased tendencv as 

CMC concεntration increases as early chromaticity 

value of CMC coated solution to apply to peeling garlic 

appears in table 1. However, in occasion of a value 

horoscope ofrelatively low tendency that AF 1985 and 

AF 2985 increase than initial value as concεntration is 

high while is looked tendency that AF 0’705 decreases as 

concentration is hi향1 appear. On the other hand, εarly L 

value of peeling garlic, a and b value that use in this 

experinlεnt L 때d a value were looked 비gh tendency 

and tendency was seεn lovv except AF 1985 that do not 

go b when compare with CMC coating solution that 

appear in table 1 as each 53.18, - 2.23 and 9.58. 

Fi밍wε 3 applies CMC coating solution by each CMC 

concentratl이1 and 성nd to peeling garlic and displayed 

chromaticity change of garlic by storage period. As see 

in figure 3, control plot was looked decreasεd tendency 

that is sudden from storagε period 3 weeks onward 

while decrease slowlv to CMC concεntration 2% at 3 

weeks unlike that peeling garlic that L valuε change of 

peeling garlic by storage period handles CMC coating 

solution decreasεs exiguously to save maximum 5 

weeks. As change of each L value by CMC coating 

solution concentration increases concentration of CMC 

coating solution, changε of L value was no changε 

ahnost than initial valuε and displayed dεcrement of 4% 

low to storagε period 5 weeks than early L value in 4% 

AF2985. On thε other hand, changε of a value by 

storage pεriod controls plot and coating garlic increase 

to save 3 weeks and tendency that decreasε from the 

after this was seen 뻐d tendencv that b value decreasεs 

from 1 week onward while incrεase to save 1 week. 

Specially, displayed value such as both control plot and 

coating garlic in maximum holding period 5 weeks 

、vhile sudden increase and decrement were seen than 

initial value as CMC horoscope and concentration are 

high. 

Change of chromaticity by storage period of peeling 

garlic that treat CMC coating solution that do not go L 

than peεling garlic that do not handle early coating that 

do not go L, a, and b low, that do not go a and b hi험1， 

appear. And tendency that changes of L value decreases 

as CMC horoscope and concentration 따e high as 

storage period increases was low. Tendency that change 

of a and b value fluctuates or decrease bv width that 

grow during storage period as CMC horoscope and 

concentration are hi방1 was seen but displayed value 

sinlllar control plot in storage period maximum 5 weeks. 

Browning 

The browr파19 reaction is largεly affected by 

temperature and moisture content(Sapers et al., 1994). 
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Fig.3. εhanges of color value of peeled-garlic on different CMC types and concentra디ons during storage time by 
Duncan’s multiple range test at 5% level. 

Especially the browning of garlic is accelerated by 

phenol compounds after oxidation according to high 

temperature and moisture content (Carson, 1987). 

Therefore, in order to suppress browning of garlic in 

storage, measured browning of garlic from various 

storage regime by CMC ηpes and concentrations. 

Fig. 4 shows the analysis ofbrow피ng of peeled-garlic 

from v뼈ous storage r，εgime by CMC ηpes and 

concentration of 4%. As seen Fig. 4, browning in control 

was accelerated after 2 weeks. Dissimilarly there wεre 

no differεncεs until 2 weeks in coated peeled-garlic. 

Browning was accelerated between 3 weeks and 5 

weεks， and was 3% increment compared to initial color. 

On the other hands, as seen from Fig 5, increased 

CMC concentration suppressed browning of peeled­

garlic. Generally browning process by enzyme starts 

from quinone compounds after oxidation of phenol 

compounds by p이yphenoloxidase. Strong reactive 
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Fig. 4. Changes of browning color intensity of peeled­
garlic coated with 4’r.. concentration of various CMC 
types by Duncan’s multiple range test at 5% level. 

compound, quinone, st따ts to forrn brown pigrnented 

polymζζ mel없lln. Some researches (Saper, et a1., 1994; 
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state that is fast from save 2 weeks at browning was not 

shown big change to save 4 states and these tendency 

appeared clearly as CMC horoscope and conc응ntration 

are hi힘1. 

Lozano et al., 1994; Skrede G, 1985) focused on 

suppress ofbroWlψ19 reported that the use of citric acid, 
cysteine, or ascorbic acid could delay browning in 

vegetables especi따ly in garlic and onion. 

References 

Brandenburg AH, Wεller CL 뻐d Testin RF. 1993. Edible 
films and coatings fr‘om soy protein. J. Food Sci. 58(3): 
1086-1889 

C따son JF. 1987. Chemical and biological properties of 
onions and garlic. Food Rev. Int. 3: 71-103 

Chen S and Nussinovitch A. 2000a. The rolε of xanthan 
gum in traditional coatings of easy peelers. Food 
Hydrocolloids. 14: 319-326 

Delmy C, Rico-Pena J and Antonio T. 1990. Oxygen trans­
mission rate of an edible methylcellulosε-pa1mitic acid 
film. J. Food Proc. Eng. 13: 125-133 

Gontard N, Duchez C, Cuq J and Guilbert S. 1994. Edible 
composite films of wheat gluten and lipids: Water vapour 
permeabiliη and other physical property. Inter. 1. Food 
Sci. Techno1. 29: 39-50 

Hagεnmaier RD. 2000. Evaluation of a polyethylenε­

candelilla coating for va1εncia orang<εs. Postharvest Biology 
Technol. 19: 147-154 

Jiang Y and Li Y. 2001. Effects of chitosan coating on 
posth따Vεst life and quality of Longan fruit. Food Chem 
73: 139-143 

Kamper SL and Fennema O. 1984. Water vapor permeability 
of edible bilayer films. J. Food Sci. 49(5): 1469-1486 

Kester JJ and Fennema OR. 1986. Edible films and 
coatings: a rεview. Food Tec비101. 40(12): 47-58 

Lee TB. 1979. Illustrated flora of korea. Han맹mnsa， Seoul, 
Korea 

Lozano JE, Drudis-Biscarri R, and Ibarz-Ribas A. 1994. 
Enzymatic browning in apple pulps. J. Food Sci. 50(1): 

Summary 

In this study, apply to pεeling garlic using CMC 

coating solution and we wished to use basic data for 

enlargemεnt of peeling garlic hereafter by analyzing 

quality by storage period. This study makes different 

CMC coating solution by each concentration to 1~4% 

because horoscope buys CMC of different 3 성nds and 

investigated wei힘1tdamag응， chromaticity and browning 

degree to storage period maximum 5 wεeks. Gεnerally， 

maximum 4% low was seen in wei방1t of early peeling 

garlic than control as CMC horoscope and concentration 

arehi방1 in occasion of peeling garlic that handle CMC 

coating solution. Change of chromaticity by storage 

P하iod of peeling garlic that trεat CMC coating solution 

that do not go L than peeling garlic that do not handle 

early coating that do not go L, a, and b low, that do not 

go a and b high, appear but change of L value tendεncy 

that dεcrease as CMC horoscope and concentration 따ε 

high was low and tendεncy that change of a and b value 

fluctuates or decrease by width that grow during storage 

period as CMC horoscope and concentration 따ehi명1 

was seen as holding period increases but displayed value 

similar control plot in holding period maximum 5 

weeks. Peeling garlic processed by CMC coating 

solution w삐le control is displaying browning pr<εsent 



304 산업식품공학 제 11 판 제 4 호 (2007년 11월) 

564-572 
M없mhεim CH and Soffer T. 1996. Pet1nεability of di많rent 

“ ax coatings and their e없다 on citrus fruit quality. J. of 
Agri. Food Chem. 44: 919-923 

McHung TH. 1996. Effect of macromolecular interactions 
on the pεt1nεability 0 1' composite ediblε films. In N. 
Parris, Kato A, Creamer LK and Pεarce J.(Eds.), l\1acro­
molecular interactions in food technology. Washington. 
DC: Arnerican Chemical Society. pp234-244 

Nathalie G, St<εphanε G and JIεan-Louis C. 1992. Edible 
whεat glutεn tìlms: Influεnce 0 1' the main process 
variables on film properties using rlεsponse sur떠ce 

mεthodolo믿. J. Food Sci. 5끼4): 190-196 
Olatu N, Olatu L, StOlerill A and Timpu D. 1998. Carboxy­

methylcellulosε synthεsis in organic mεdia containing 
ethanol al1<ψor acetone. J. Applied Polymer Sci. 67: 481-
..J.86 

Park HJ, Chinnan MS and Shewfelt RL. 1994. Edible 

coating eft:능cts on storagε life and qllality of tomatoes. J. 
Food Sci. 59(3): 568-570 

RDA. 200 1. Present of the Garlic Industry and Improve­
ment of Plans, 62th. Rural Development Administration, 
Sll\Von, Korea 

Saper GM, Miller R.L, Miller FC, Cooke PH and Choi SD. 
1994. Enzymatic bowning control in minimally processed 
mushrooms. J. Food Sci. 59(2): 1042-1046 

Skrεde G. 1985. Color quality of black Cllrrant sytupS 
during storagε εmluated by Hunter L’, a’‘ b’ \alues. J. 
Food Sci. 50(4): 514-518 

Watanabε T. 1988. Utilization 0 1' principles of garlic(in 
Japan). Up-to-date Food Process. 23: ..J.0-42 

Yvonne M, Stuchell J and krochta M. 1994. Enzymatic 
treatments and thetmal εftècts on ediblε so)' protein films. 
J. Food Sci. 59(1): 1332-1337 

(접수 2007'년 10월 16'일， 채택 2007년 10월 30일) 


