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Garlic (Allium sativum L.) is one of the important bulb
crops grown and used as a spice or condiment throughout
India. India produces about 3.5% of world’s total garlic
production and ranked second after China. In India, garlic
is grown in an area of 239 thousand ha with the production
of 1.22 million tonnes and productivity is 5.69 tonnes/ha.
Area under garlic has increased by 60% during the last 10
years (NHB 2013). Garlic is propagated by single clove.
Depending on the variety, seed rate ranges from 500 to 750
kg/ha. The total clove requirement for 239 thousand ha of
land is 120 thousand to 180 thousand tonnes/year. Planting
material is the basic and crucial input in agricultural
production. Crop yield is directly dependent on seedling
emergence and establishment. Therefore, availability
planting material during the planting season in very
important to meet the increased demand. Garlic bulb is a
compound bulb and has 6-26 cloves in each compound
bulb.

Garlic bulbs are broken and loosened into garlic
cloves. Conventionally, garlic cloves are separated by
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ABSTRACT

Garlic (Allium sativum L.) is one of the important bulb crops grown and used as a spice in culinary ingredient as it
adds to the taste and flavour in a wide range of food preparations. It also has medicinal properties. Garlic is propagated
by single clove. Conventionally, garlic cloves are separated by rubbing the bulb between palms, against jute bags or by
beating with a wooden stick. These methods are very laborious and time consuming. Hence, a garlic bulb breaker to
break and separate cloves from the whole garlic bulb was designed and developed. The garlic bulb breaker consisted of
feeding chute, rubber padded rollers (two stages), blower, outlets for cloves and skins, main frame, power and power
transmission system. The garlic bulb breaker was evaluated with three types of rubber padding material: plain-plain,
button-button and corrugated-corrugated, four clearances between the rollers: 15, 18, 21 and 24 mm and three peripheral
speed of rollers: 25.92, 34.56 and 43.2 m/min. Germination experiments were conducted to study the quality of garlic
cloves as planting material with the garlic cloves separated by the machine. Highest breaking efficiency of 75% was
obtained with corrugated type rubber padding material at an optimum clearance of 18–21 mm clearance between rollers
and at 43.2 m/min peripheral speed of rollers. Minimum damage of 0 to 0.7%% and clove loss of 1.08% were observed
at optimized parameters. The garlic cloves separated by the developed machine had 100% germination. The breaking
capacity of machine was 195 kg/hr. The operating cost of the machine ` 0.3/kg against ` 2.25/kg by manual clove
separation.

Key words: Garlic, Garlic bulb breaker, Garlic clove separation, Planting material

rubbing the bulb between palms, against jute bags or by
beating with a wooden stick. These methods are very
laborious and time consuming (Mudgal et al. 1998).
Through improved planting material production, both yield
and quality can be improved, to fetch higher prices in the
market. Considering the large quantities of planting material
requirement, a mechanical garlic bulb breaker was developed
and its performance was evaluated.

MATERIALS AND METHODS
Conventionally the separation of garlic cloves from

garlic compound bulb is carried out by shearing as well
impact forces. Using this principle, the garlic bulb breaker
was developed. The front and side views of garlic bulb
breaker are given Fig 1. The garlic bulb breaker consisted
of feed hopper, cloves separating rollers (two stages),
blower, outlets for separated garlic cloves and skin, root
and stem fractions, power and power transmission systems.

The rectangular shape feeding chute of 820 mm × 560
mm was provided above the first stage rollers for feeding
the garlic bulbs. Two rollers of each 500 mm length, 275
mm diameter and 10 mm thickness were selected for
achieving higher capacity (Mandhar et al. 2005, Trinath et
al. 2013). The rollers were made to rotate opposite direction
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to each other and also at different speeds to achieve a
shearing force for separation of cloves. The top surface of
the rollers were covered by rubber padding material to
reduce the damage to the cloves. Experiments were
conducted to optimize the clearance between the first stage
rollers and peripheral speed of rollers at different rubber
padding materials. Three types of rubber padding material,
viz. plain, button and corrugated type were used during
this study. Based on the mean geometric diameter of bulb
(45.69±0.85 mm), the clearance between the rollers varied
as 15, 18, 21 and 24 mm and the different peripheral speeds
were 25.92, 34.56 and 43.2 m/min. Based on the optimum
separation efficiency, minimum clove damage and breaking
capacity, the padding material, clearance between the first
stage rollers and peripheral speed of rollers were selected.

As the second stage rollers had to pass singles cloves,
clumps of cloves and light weight fractions, the diameter
was selected as 125 mm and clearance between the rollers
was maintained as 10 to 12 mm. The second stage roller
was covered with the selected rubber padding based on
the experiments carried out for first stage rollers. A straight
blade type centrifugal aspirator with a blade of 62 mm width
and 335 mm diameter was selected for cleaning the material
passing through second stage rollers (Sahay and Singh
1994). The fractions other than cloves, i.e skins, roots and
stems were separated by the blower and collected in the
respective out lets. A three phase, 1.5 kW, 1440 rpm AC
reduction geared motor (60 rpm) was used as prime mover
for different units of machine. The power was transmitted
by belt and pulley arrangements to the roller and blower.

While conducting the experiments to optimize type of
padding material, clearance between the rollers and
peripheral speed of rollers, first stage rollers only were
mounted. The second stage roller and blower were fitted
during the performance evaluation of the garlic bulb breaker.
Well matured and healthy garlic bulbs were procured from
the local market. A sample of 500 g was used for different
trials. The compound bulbs were fed into the first rollers
through the feeding chute. The time taken to completely
feed the garlic bulbs was noted down. The material from
both the outlet was collected and separated into different
fractions (viz. single cloves, clumps of cloves, damaged
cloves and light weight fractions (i.e. skin, root and stem).
Each trial was replicated three times. The standard procedure
was used to determine the separation efficiency, % clove
damage and capacity. Ten single cloves from each trail was
selected and planted in pots to study the treatment effects
on germination of garlic clove. Each treatment had three
replications.

The first and second stage rollers were covered with
the selected padding material. The clearance between the
first stage rollers was adjusted to the selected clearance
and operated at the selected peripheral speed. The blower
was mounted. The performance of garlic bulb breaker was
evaluated. A sample of 500 g of garlic bulbs were fed through
the feed hopper continuously. The time taken to completely
feed the garlic bulbs was noted down. The material from

both the outlet was collected and separated into different
fractions (viz. single cloves, clumps of cloves, % clumps
of cloves, damaged cloves and light weight fractions (i.e
skin, root and stem). Each trial was replicated three times.
The standard procedure was used to determine the
performance parameters, viz. separation efficiency, %
clumps of cloves, % damaged clove, % cloves collected in
husk outlet, capacity and clove germination.

RESULTS AND DISCUSSION
The garlic bulb breaker with three different types of

rubber padding materials was evaluated at four clearances
between the rollers of 15, 18, 21 and 24 mm and three
peripheral speed of rollers of 25.92, 34.56 and 43.2 m/min.
The performance of parameters of the garlic bulb breaker
as separation efficiency, % clumps of cloves, % damaged
cloves, capacity and % germination were estimated. The
results were analysed using the statistical package
“AGRES” and are presented in Table 1, 2, 3 and 4
respectively.

Separation efficiency
From Table 1, it was inferred that the type of padding

material and clearance between the rollers had significant
effect and the peripheral speed of rollers did not have effect
on the clove separation efficiency. The maximum clove
separation efficiency of 55. 56% was obtained with
corrugated type padding material at 18 mm clearance
between rollers. It was also inferred that the rollers padded
with corrugated padding material and fitted at a clearance
of 18 mm had highest clove separation efficiency and were
on par at all three roller peripheral speeds of 25.92, 34.56
and 43.2 m/min. As maximum separation efficiency of about
56% only could be obtained, a second stage roller was
mounted below the existing rollers. The width and thickness

Fig 1 Motorised garlic bulb breaker
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of the cloves were 10.18±0.35 mm and 7.42±0.24 mm, a
clearance of 10 mm was provided between the second stage
rollers. As the maximum separation efficiency was obtained
with corrugated rubber padding material, the second stage
rollers were padding with the corrugated rubber padding
material.

Per cent clumps of cloves
From Table 2, it was inferred that the type of padding

material and clearance between the rollers had significant
effect and the peripheral speed of rollers did not have effect
on the clove separation efficiency. The plain type padding
material at 15 mm clearance and corrugated type padding
material at 18 mm clearance had clumps of cloves of 39.63
and 49.27% and were on par.

Per cent damaged cloves
From Table 3, it was inferred that the type of padding

material, clearance between the rollers and peripheral speed
of rollers had significant% crushed cloves. Minimum % of
cloves crushed were minimum with corrugated type rubber
padding material and it was at the range of (0–0.7%). This
minimum range was obtained at 18, 21 and 24 mm clearances
and at 34.56 and 43.2 m/min peripheral speeds of rollers
and were on par. Maximum of 37.02% cloves got crushed
with plain type rubber padding material at 15 mm clearance
and at 25.92 m/min. peripheral speed.

Table 2 Effect of type padding material, clearance between the
rollers and peripheral speed of the rollers on % clumps
of cloves

Type of padding Clearance Peripheral speed
material between the (m/min)

rollers (mm) 25.92 34.56 43.2

Plain rubber material 15 39.63 40.20 51.15
18 57.28 54.88 64.42
21 63.78 73.97 65.35
24 73.02 78.26 84.09

Buttoned rubber material 15 45.77 58.47 62.33
18 62.3 57.62 62.87
21 64.98 98.90 67.20
24 78.70 71.87 71.53

Corrugated rubber material 15 49.22 57.16 55.37
18 49.27 43.73 52.61
21 53.85 48.41 66.82
24 62.58 57.42 53.51

F value SEM CD
P ** 1.23 5.65
C ** 1.42 6.52
S NS 1.23
PC ** 2.46 11.30
CS NS 2.46
PS NS 2.13
PCS NS 4.27

Table 1 Effect of type padding material, clearance between the
rollers and peripheral speed of the rollers on single
clove separation efficiency

Type of padding Clearance Peripheral speed
material between the (m/min)

rollers (mm) 25.92 34.56 43.2

Plain rubber material 15 23.35 32.02 27.28
18 29.18 28.49 25.11
21 28.02 20.28 20.68
24 20.03 19.47 13.80

Buttoned rubber material 15 34.26 35.07 31.89
18 28.36 30.74 28.17
21 27.37 27.71 29.88
24 17.04 22.69 26.18

Corrugated rubber material 15 46.53 39.63 42.92
18 50.73 55.56 47.24
21 44.79 44.18 40.83
24 37.42 41.87 46.49

F value SEM CD
P ** 1.02 4.68
C ** 1.18 5.40
S NS 1.02
PC NS 2.04
CS NS 2.05
PS NS 1.77
PCS NS 3.54

Table 3 Effect of type padding material, clearance between the
rollers and peripheral speed of the rollers on per cent
damaged cloves

Type of padding Clearance Peripheral speed
material between the (m/min)

rollers (mm) 25.92 34.56 43.2

Plain rubber material 15  37.02  27.80  21.57
18  13.54  16.63  7.14
21  10.51  9.45  10.27
24  6.94  2.27  2.10

Buttoned rubber material 15  10.03  6.47  5.77
18  9.34  11.64  8.81
21  7.64  3.40  2.92
24  4.25  5.45  2.28

Corrugated rubber material 15  3.80  2.51  1.70
18  0.00  0.70  0.15
21  1.36  7.41  0.74
24  0.00  0.71  0.00

F value SEM CD
P ** 0.65 2.99
C ** 0.75 3.45
S ** 0.65 2.99
PC ** 1.30 5.98
CS NS 1.30
PS NS 1.13
PCS NS 2.26
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Capacity
From Table 4, it was inferred that the type of padding

material, clearance between the rollers and peripheral speed
of rollers had significant effect on garlic bulb breaking
capacity. The highest capacity was obtained with
corrugated type rubber padding material and it was in the
range of 185–210 kg/hr. This range was at 15, 18 and 21 mm
clearances and at 43.2 m/min peripheral speed and were on
par. It was also observed that the capacity increased with
increase in clearances and peripheral speeds. The plain
type padding material had the lowest capacity of 82 kg/hr
at 15 mm clearance and at 25.92 m/min. This variation in
capacity among the padding materials might be due the
characteristics of padding materials. As the corrugated type
padding material behaved like a conveyor, it positively
carried the garlic bulbs for further separation.

have any internal injury due to the impact of rubber padding
material while separation.

Performance evaluation of garlic bulb breaker
From the results of the different experiments, it was

inferred that corrugated type padding material fitted at 18–
21 mm clearance had the maximum single clove separation
efficiency of 55.56%. In order to increase the separation
efficiency, second stage of rollers were fitted below the
first rollers. The performance of the garlic breaker was
evaluated. It was observed that the garlic bulb breaker had
maximum single clove separation efficiency of 87. 20 and
90.40%, clumps of cloves of 5 and 3%, damaged clove of
0.7 and 0.3%, % cloves collected in husk outlet of 1.96 and
1.08% and bulb breaking capacity of 195 kg/h, at 18 and 21
mm clearances respectively.
a) A motorized garlic bulb breaker with two stages of

bulb breaking rollers was developed for separation of
single garlic cloves from the compound garlic bulbs
for production of planting material.

b) The rollers were padding with three types of rubber
padding materials, viz. plain, button and corrugated
type. The clove separation efficiency was evaluated
at four different clearance as 15, 18, 21 and 24 mm and
at three peripheral speeds as 25.92, 34.56 and 43.2 m/
min.

c) Corrugated type padding material at 43.2 m/min
peripheral speed and at 18 and 21 mm could give single
clove separation efficiency of 87. 20 and 90.40%,
clumps of cloves of 5 and 3%, clove damage of 0.7
and 0.3, cloves collected in hust outlet of 1.96 and
1.08% and bulb breaking capacity of 195 kg/hr at 18
and 21mm clearances respectively.

d) Cost of operation was ` 0.30/kg against ` 2.25/kg by
manual method of clove separation.
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Table 4 Effect of type padding material, clearance between the
rollers and peripheral speed of the rollers on garlic bulb
breaking capacity

Type of padding Clearance Peripheral speed
material between the (m/min)

rollers (mm) 25.92 34.56 43.2

Plain rubber material 15 82.49 104.44 120.68
18 95.16 120.68 136.08
21 130.71 143.24 130.71
24 143.24 153.27 136.08

Buttoned rubber material 15 113.99 119.36 153.27
18 143.24 170.47 170.47
21 143.24 130.71 170.47
24 130.71 153.27 185.51

Corrugated rubber material 15 136.08 153.27 185.51
18 130.71 178.35 195.55
21 136.08 153.27 195.55
24 153.27 175.47 210.59

F value SEM CD
P ** 3.02 13.88
C ** 3.50 16.02
S ** 3.02 13.88
PC NS 6.06
CS NS 6.06
PS * 5.24 18.11
PCS NS 10.50

Per cent germination
Germination of 100% was observed in all the thirty six

treatments. From this, it was clear that the cloves did not



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


