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SUMMARY

I. Title of research

Development of Garlic Peeling System Using High-Pressure Water Jet

II. Objective of research

The objective of this research was to develop a garlic-peeling system
which can achieve high peeling ratio while minimizing damage to the peeled
garlics. A wet-type peeling system utilizing high-pressure water jet was
developed and tested to find the optimum operating conditions according to the
type of garlics. A peeled-garlic washing system utilizing ozonated water was
also developed to lower microbial contamination and, therefore, to extend the

shelf life.

M. Scope and contents of the research

1. develop individual machines for each stage of garlic peeling process

2. design, construct, and test prototype machines
3. optimize the operation of the whole system

4. commercialize the developed system and obtain patents

_13_



5. develope a washing system to lower micobial contamination and to

extend the shelf life of peeled garlics

IV. Summary and Conclusions

1. Garlic peeling by high-pressure piston pump and individual nozzles

Three types of spray nozzles (solid stream, flat, and full-cone spray
patterns) were tested and the effect of submerging garlic under water for 24
hours before peeling was analyzed. A prototype peeling chamber with six
nozzles was constructed and tested to find optimum operating condition. The

results are summarized as followings:

1. The magnitude of impact force of the water jets per unit area was in the
order of solid stream, flat, and full cone spray nozzles at the same operating

pressure and flow rate.

2. Submerging garlics for 24 hours before peeling operation increased peeling

performance for both hanji and nanji-type garlics.

3. The optimum peeling performance was obtained with a flat spray nozzle
having a spray angle of 20°. When the operating pressure, flow rate, spray
distance, and distance between adjacent nozzles were set to 20 kg /cm? 544 2
/min, 80 mm, and 10 mm, respectively, the ratio of completely peeled garlic

cloves reached 61.4% for submerged hanji—type garlics.

_14_



2. Garlic peeling by cylindrical chamber with drilled nozzles

The garlic peeling chamber was formulated with a stainless cylinder having
multiple drilled holes, i.e., nozzles on the wall. The nozzles were arranged in
9 to 10 rows of holes along the passage of garlics. The chamber was designed
so that operating pressure on the upper three rows and the remaining 6 to 7
rows of nozzles can be controlled separately. Three different types of chambers
were constructed and tested for the peeling performance. The results are

summarized as followings:

1. Different operating pressures were required to optimize peeling
performance according to the type of chamber, type of garlics, position of

nozzles, and the number of times the garlics were injected into the chamber.

2. The best bulb-breaking performance of the initial peeling operation was
obtained for each of the three chambers at the following pressure settings for
upper and lower rows of nozzles: 1) 3 and 6 gg,/cm® for hangi-type garlics
and 5 and 10 kg/em®? for nanji-type garlics in the case of the chamber
having 100 mm diameter and 7 rows of lower nozzles, 2) 3 and 6 kg,/cm® for
hangi-type garlics and 5 and 10 #g,/cm®? for nanji-type garlics in case of the
chamber having 126 mm diameter and 6 rows of lower nozzles, and 3) 3 and 6
kg em® for hangi-type garlics and 7 and 10 kg,/em® for nanji-type garlics in

case of the chamber having 126 mm diameter and 7 rows of lower nozzles.

3. In case of the second and the third peeling operations, it was required to

_15_



lower the pressure on the lower rows of nozzles by 1 fg/cm? to minimize

surface bruises on the peeled garlics while maintaining the same pressure on

the upper rows of nozzles.

4. The best performance was obtained with the chamber having 100 mm
inner diameter and 7 rows of lower nozzles. In case of hanji-type garlics, the
ratio of unbroken bulbs, sound peeled garlics, and bruised garlics were 5.3%,
84.1%, and b5.8%, respectively. In case of nanji-type garlics, the ratio of
unbroken bulbs, sound peeled garlics, and bruised garlics were 1.2%, 40.2%,

and 6.68%, respectively.

3. Performance of the commercialized garlic peeling systems

During the period of the research six garlic peeling systems were
constructed and sold in the Korean market. The technical improvements in the
process of the research were imbedded in each of the six systems. The

performance of the systems can be summarized as followings:

1. The peeling performance of the 5th system by the ratio of unbroken
bulbs, completely unpeeled, partially peeled, sound peeled, and surface bruised
garlics was 1.2%, 35.4%, 1.3%, 57.8%, and 4.3%, respectively for nanji-type

garlics. The system was set up at Seosan, Chungnam

2. The peeling performance of the 6th system by the ratio of unbroken
bulbs, completely unpeeled, partially peeled, sound peeled, and surface bruised
garlics was 0.1%, 34.9%, 3.5%, 51.2%, and 6.5%, respectively for nanji-type

garlics. The system was set up at Pocheon, Gyeonggido

_16_



4. By adapting a sorting machine based on computer image processing
technology, the ratio of the peeled garlics increased by approximately 30% and
the requirement of manual labour at the final inspection line was reduced to

half.

5. The performance of the lately developed systems was well recognized by
system operators. Thus, the system is expected to be widely adopted in the

worldwide garlic peeling markets.

4. Development of microbial control system for the garlic peeling

system

This study was performed to introduce microbial control system to
wet-type garlic peeling processor in order to improve the quality of peeled

garlic. The results are summarized as followings:

1. High microbial density of the water used for the wet-type processor
suggested that the appropriate microbial control system is required for effective

processing.

2. The quality of wet—peeled garlics was better than the dry—peeled garlics
and the degree of damage greatly affected the quality of peeled garlics. The
degree of damage could easily be determined by simple staining with edible

food color Red No. 2.

3. Activated carbon was found to be inappropriate for use with the wet-type

_1’7_



peeling processor mainly due to the increased hinderance of filtration.

4. Ozonated water was found to be effective in decreasing the microbial
contamination and in increasing the shelf life of peeled garlic. Use of ozonated
water with dissolved ozone concentration higher than 0.3~0.6 ppm as washing

water is recommended for the wet-type garlic peeling processor.

_18_
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5 25z
e 4 Crgy/om?) 10, 20, 30, 40, 50, 60, 70, 80, 90, 100
== Ag (cm) 1,234
== I Solid stream(6%), Flat(17%), Full cone(12%)

o
o

B2 7337 938 PCL-812PG A/DW3E X =(Advantech, Taiwan)& ©]-&3}

A FFA a2 2EAA E9E = HAdS A

fol
>
2
2
ih]
)
2

deolgE #8891, 2=A(CAS, Korea)dl&= B A ¥29F DSA-606B Strain

Amp.(NMB, Japan)E& 143ti 5 kgio] F5 o]&3te] =4S HAASATH

T T A

R.P.M. 1450

Max. Flow rate : 30 #/min
Max. Pressure : 100 kg ,/cm?
Power Required 7.5 PS
Rated Load : 6 kg

wed Rated Output : 1.9624 mV/V
b2l Wik Range : 0-150 kg ,/cm?
Output : 4-20 mA
Flow rate : 0 - 30 #/min
E Rl §-2A Pressure : Max. 150 g /cm?

Output : 4-20 mA
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¥ 3-2. AlF7) o Alg® Auje AY

ZH|

A

Pump motor

: KMI-30HU1(3% =235 7])
: 1760 rpm

2 22 kW (30 PS) 4P
2380 V

44 A

0RO
offt

Turbine pump

(6| 9t 2o fo 2 g

fuicct

2 vk Bojdl HZ37111GAB
(PMT 65-07)

1 1750 rpm

: 30 kW

© 0.8 w?/min

: 104 m

L o2 B ot
i)

02 ¥ fo
o off oft oy

Pressure transducer

Range @ 0-150 kg /cm’
Output : 4-20 mA

Turbine flowmeter

Model : CT-2-A-0O

Flow Rate : 35.0-500.0 LPM
Pressure : Max. 10 kg//cm?
Output : 4-20 mA
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(2 /min)

3,6 470.6
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A% 05 =
s Hr 5) 1 E
P L T e
%—X]H] 13__1__'1"__ (21__ 7]71?) AT

- 162 -



Lkl A wls(Allium sativum L.)-&

/g‘F/Hi T o

AA

1l

Holl A mh=
(m LDPE, 30um HDPE, 40um

of 2mxoA AAeHA

o &

| vhE 5 Fe 70~80%5 AHAE

b

A7k A etel,
7] f1g Aol7%
g SulelA olel g A4
v e A ATe ARE ek

HolZ|=

Zu

_H
e

T=

B= ol AHHom

Al selon Hitol=

A
o

=
=2

PN =
ZHlES AX

ol Al sg A §F F ks
o] Eqiwofo} & oz ArHth 19
AF7b ol FolH uhi glon], BT EN AT
47) FFe AEEFA0

LDPE, 60 LDPE)® x73te] 10T, 20C % 30T

il

EfA7Ibe ALSRo] Zvbse] A

S

il

22 E&HEsh vad va aa £3%7F 1,100~1200(ml/m’ - day.atm), ©]4Fs}
B2 B35 7t 12,000~ 16,000(m/m” « day.atm) A%<l 30mm F7¢ HDPE 2 Eo]
Mg @Al iths Bavl S ot 9, 1993).

Zhvbzel FAY % 7 712 oE A ke AujE wo, g 2
FFE A B oty Aoyt rhEd 24 QAR uhy vige F4 53 4
A AEel 7] MR ALY AY T LR FEY Aow didn olE
AEe AP g F2 Sro IdFS VA, 1 A HPHoR 7
s F4 2 #% b 717l 4 v E Ao AZHEY g g3
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A 2Ad AT

of

1=}
H

L #43% zivts A8 2 4 vty A2d A9 mAds 29

vk ARE 3 AW A4 08 294, WaE, AdAF 54 TR

om, ferow sl P A3 Hojshd G AL A¥stel Agaglvh
A Fe F4 vhsuasdA AE8F w bEs @ AH5E dEE AR
ol AAT F ice boxol Wol AHAR LWE F AgFAT

7Zhols A8+ Hi¥ mortar and pestles AFg3te] S st S AR
5 g5 AlBAFHE H plastic bag (Whirl-Pak Sampling Bag, Nasco Plastics,
New Hamburg, Ontario, Canada)el 21 45 mle] € A2 95(0.85% NaCl)
£ 7t & T4 7](Stomacher 80 Lab Blendor, Seward Co., Seward, England)
& Ab&ete] gAststsith s E zhuks Almet 524 mhEdry v]e A ARg-g

BAS 9 AH5E 2 A A95E gt 10744 B o 100 54

gAM o R 108 A AEE 10'~10° 2z TAERZ 100 ul¥ Tryptic Soy
Agar (Tryptone 17 g, Soytone 3 g, Dextrose 2.5 g, NaCl 5 g, Dipotassium

phosphate 2.5 g, Agar 15 g/L, Difco) H#u|#] ¢} Potato Dextrose Agar
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(Potato, infusion from 200 g, Dextrose 20 g, Agar 15 g/L, Difco) 3 ZHj#]o] =
Balct, =23 Tryptic Soy Agar B3Il 2| = 30Tl Al 24~48A]7F vl &35 2
™ Potato Dextrose Agar &A= 25T oA 48~72A17F B %3S

2. 7ot Foj@d vAESY A

274

MR WE S AT B w Ao

of
i

H&S colony counter?} stereo

microscope® A =27] L & e (shape, margin, elevation)E& #&3lo] A= &

2

o2 FdyHE AES Tryptic Soy Agar % Potato Dextrose Agar 3 -ul #] of

F st e AHgsel 249 A wrRdsgn. ervdd @

o
=)
%

10% glycerol &S A}&3te] -70TCo| H A3 2, working culture:

agar slantol] Al thuf ksl Al-g3}5c)

N
lyl
Mo

T AARYstd e & HEe AYAdsrE HUF £ & oA AR e
of AlFska, Wit FHFel WEZE oF 1.0x10°~1.0x10° CFU/m ¥ =% 343}
gt Hel® RS Potato Dextrose Broths AFg&3be] 25TolA 547t w3k
F HAE AbEste] ZARES 35 AYAATE AU EFst AL A
AR st 34d ¥ A SFHFl WErE o 1.0x10° CFU/Mm S == 348}
Ak A B Ads T Sl AEe 7hebsS 1083 HAASG & Ay
o] Hat petri dishell Y31 25CoA sty wid 13] §eto = Fu WA o
g #EEdon, B Aoz wid Aae 9o 7ed PHS AREste 7
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Mi2 Bergey’'s Manual of Systematic Bacteriology (Krieg and Holt, 1984)
2 Methods for General and Molecular Bacteriology® (Gerhardt et al., 1994) ®t
wHol uwa} cell shape, cell diameter, cell length, Gram stain, motility, spore
formation, oxidase, catalase, gas production from glucose, indole formation from
tryptophan, methyl red test, Voges—Proskauer test, citrate utilization test &
AAste] FA AT

32 Fundamentals of the Fungi (Moore-Landecker, 1990)°] w2} Potato
Dextrose Agar plate®] 41 9] colony® 24 & A AF underside® MAFS &3},

B

o
2
Y

3 n| 7 © 2 hyphae?] A4, condiophore®] 34 % conidia®l A4 =

g,
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1. #343 zvts A8 2 v Alzd b mAE 2
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7 ks Azl WA
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N,

eyt vs
Altel SAHEG el S &

[e)

=

o= XFHT} AFFo] © Z I3

=i

At B=

(CFU/g on TSA)

E T

(CFU/g on PDA)

ey
=

T IR

1.2 x 10> ~ 4.7 x 10*

82 x 10°~ 4.7 x 10°

<1 x10° ~ 84 x 10°

41 x 10" ~ 7.4 x 10°
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M
=

b=
<A

(CFU/ml on PDA)

(CFU/ml on TSA)

34 x 10

25 % 10"

9.4 x 10°

47 % 10°

2.1 % 107

1.4 x 10°

aed

1.2 x 10°

2.2 % 10"

N

A

EER

2.9 x 10°

8.2 x 107

32 x 10°

9.2 x 10°
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o F4 vhsu sl AEE B A% F AT WEY W

wol 5w ashd A7t gl ¥4 A§ AsHe Fohuma stgck

E 53 w4 vhgualy] AgSe] AF F Eoe mgR une W

A 2% A A=
(CFU/ml on TSA) (CFU/ml on PDA)

74 04 14 = 10° 2.1 x 10
19 % 6.5 x 10° 1.0 x 10°

2d ¥ 7.1 x 10 45 x 10°

39 % 9.8 x 10° 9.1 x 10

59 % 47 x 10° 6.8 x 10

74 & 14 x 10° 14 = 10
A 04 9.2 x 10° 3.2 x 10°
9 F 37 x 10° 74 x 10°

29 % 54 x 10" 14 x 10°

3 F 86 x 10° 14 = 10°

59 % 42 x 10° 1.4 = 10°

74 F 13 x 10° 14 x 10°
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=5
o1
~
o

23k m A Eo] A3 zhvkge] Fafol wA= JF

M

O~
T

Roje] - AR RojA 048 FHEE
AR 5 ]
(25°C) Y%= (CFU/g) (Agoo)
A4 No. 1 19 2.4 % 10° 2.45
No. 2 2¢] 3.8 x 10 1.52
No. 3 2¢] 1.1 x 10° 1.84
No. 4 2¢] 84 x 10 1.32
No. 5 29 72 % 10° 1.43
No. 6 29 1.3 x 10° 1.67
No. 7 2¢] 6.4 x 10° 1.49
No. 8 2¢] 7.8 x 10° 1.35
No. 9 3Y 35 x 10’ 1.12
No. 10 3y 1.8 x 10° 0.96
214 No. 1 3d 37 x 10°
No. 2 3 86 x 10°
No. 3 49 26 x 107
No. 4 49 15 x 107
No. 5 49 9.3 x 10°
No. 6 59 43 x 107

LTS 30Col Al 12412F vlSF = 600 nmoll A el SF 52 FASS T
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H(E 5-5). Pseudomonas %2 A& Eo o] &A= Aoz, vy I}
4 F Frhsel eduol JY EFORVH g L AHF fFaHe] F4
S, Zokrel AARNE 09GN F FAse] 2rkne FAE doE Ao
2 Bt a2y B - skshA At A el Addel E yAEAE PAsHA =
gomz AAF A WyPor w4 A Aojd  Us Aoew AdH

E 55 ks R el Ade] deE 2 e Sy

A 5 23}

Cell shape straight rod

Cell diameter (gm) 05 -08

Cell length (zm) 15 -28

Gram stain positive

Motility motile

Spore formation spore not formed

Oxidase positive

Catalase positive

Gas production from glucose gas not formed

Indole production from tryptophan positive

Methyl red test negative

Voges—Proskauer test negative

Citrate utilization test positive

Growth on Pseudomonas isolation agar positive

Tentative identification Pseudomonas sp.

Aol &gk Fa= 2F gsfides A 5 39 Fo, 3T A= 49 F
o, 1Fel olaix= 54 Fol #FHJT(GE 5-4). F3 Aoz FAFHPS o9
At WEE 37x10°~43x10° CFU/ge.2 e} it FF0] wE dA3 o
= den, /b we Zlulze] FujE dodlE M TE A A9 Zo
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ek 259 S BT Penicillium 40l &3t 3oz FAFHoR FAHEAE

H(E 5-6), ole2 EY T ol &A= 394 w#olz Svtse A= A

ZASE 54 e 1 e 2
Colony color yellow grey-green
Colony texture velvety wooly
Colony underside color yellow red
Hyphae septate septate

Surface mycelium

well developed

well developed

Aerial mycelium colorless colorless
Diffusible pigment none purple pigment
formation formed
Conidiophore branched unbranched
100 - 150 gm 200-250 um
penicillus, penicillus,
symmetrica unsymmetrica
Conidia spherical spherical
4 -5 mm 4 -5 m
yellow grey-green
Sclerotia not found not found

Tentative identification

Penicillium sp.

Penicillium sp.
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5. F|AE Ao H

7h 2] o mAdE 2 g gE S5 AA

TS ST ARFAE Al No. 19 wideds ofdsiy A& A7 &
HE FAT A= 29 559 2o ST v FAEE 2719 Aso =
195014 300 B 400 mlE @3S wWe] Ago = 0999 1.08= At =& o
90% #HaA7l= ZA7E AT 2y oAyt P wel &&o] "olA

1000 ml °o]4S o33FS wfo FF=EE= 12~1302 FF AA EE&S 80%

25

15 |

£ (A600

0.5
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o 2. ()

9 55 & vAdE A &I (A wde)
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