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Dolhathai Rachanukroh 2008: Postharvest Loss and Development of Wholesale and Retail
Sweet Tamarind Packaging. Doctor of Philosophy (Postharvest Technology), Major Field:
Postharvest Technology, Interdisciplinary Graduate Program. Thesis Advisor:

Associate Professor Bundit Jarimopas, D.Sc. 148 pages.

This research was to study and develop the proper sweet tamarind wholesale and retail packaging
for transportation and distribution . Methodology comprised a) evaluation of postharvest loss of sweet
tamarind at wholesaler b) performance of the current and developed sweet tamarind wholesale package by
simulated vibration at 0.5g, 10 minute according with ASTM D999 Method A.2. The experimentation was
designed with 3 controlling factors i.e. cultivar (Si-thong and Sri-chompoo), foam ball size (5 and 8mm) and
mixing ratio of foam (r) at 80% constant tamarind volume to investigate percentage of mechanical damage
(D) c¢) determination of postharvest damage of sweet tamarind at retailer d) physical characteristics and
mechanical properties of the sweet tamarind pods e) dropping characteristic of a retail package f) performance
of the current and developed sweet tamarind retail package subjected to dropping test based on ASTM D775-

80 with 2 cultivars (Si-thong and Sri-chompoo), packaging dimensions and 2pod orientations i.e. vertical and

horizontal that affected to fruit damage

The result showed that postharvest damage at wholesaler presented S different kinds included crack,
hairline crack, stem end crack, hole due to insect and stem end penetration of one pod into the other and mold.
The damage including crack, hairline crack and stem end crack was more than 70% of the total. The current
14kg Regular Slot Container (RSC), double wall corrugated paper box; 27.5cm wide by 41cm long by 36.5cm
high resulted in the mechanical damage of Si-thong and Sri-chompoo to be 1.9% and 7.8%, respectively. The
proper working conditions of the developed wholesale packaging (DWP) was r=30% with diameter 5 mm
of foam ball or r = 35% of foam diameter 8mm for both cultivars. Packing density was 41% and 47% which
cost of packaging 3.70, 3.18 baht/kg and 3.25, 2.83 baht/kg, respectively. The dropping characteristics of a
retailing package were the average shelf height 78cm,the average height to inspect product of 27.6cm. The
inspection was average 1.31 times and the average height carried by customer after buying of 79cm from the
floor. The developed retail packaging consisted of the single face corrugated paper to roll up cylindrical
sleeve with the corrugated paper turned out. The opening on one side was closed with the same circular paper.
The proper developed retail package was 15cm diameter by 20cm sleeve height with 30% foam balls (5 mm
diameter) mixing and vertical pod packing of 1 kg pods demonstrated better performance with 1/4 and 1/5

times of Si-thong and Sri-chompoo damage, respectively.

Dolhathai Rachanukroh /Z/Ww[v/f/ A’rw\w 1272 i{

Student’s signature / Thesis Advékér’s signature
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a3 ~ A 1 Y =

0.5 3 1Hunal 10 i eanuazadnlumsnaass aamldae 52uldeeusaeenuuy
[ [ [~}

uazmuauals ldnatedinudesnms uazidenldiialvly EPS (Expanded Polystyrene)

I~ [ [ g’ d! a a =1 [~} dy a

Wuaanud Fawaaunnuaradan PS Hemaludia vy 98% uazilowaiadn 2% veq

a o [~} g’ o [ I

Us1as Ml TWuda EPS ihwiiinn Suusanszunnlda srudadluauuanuiounas

< ] o' [ @ < <

wu lilda1s CFCs  (Chlorofluorocarbons) tiziigaszedt  enaemsnninu 13 luda

9
[ = 4 1

a Yo < o 3 o v
ARAY  BNTNTINIGN ualgmamumuiuaisvensdd  lag PS %zmummwumu%mﬂiu

A

1 Y Y Y g‘ Y a Y IS <] o A
UJ’E)WTL!ﬂ’]ﬁﬁlﬁﬂﬂ']llﬁ@u@'lﬂll@u'] 'Jﬂf!ﬂll’i]gellEJ’]EJ@]'Jﬂﬁ’]fJL‘]JuIWNLN@EUTJG'] NIV ANNNHNIU

M3 lFauudramnsarinduun1¥lng'ld (Recycled) (Beck, 2000)

MINIZUNNUAZANINY (Impact and Bruising)
o 9 o o ' A @ v A a
WﬂWﬁ‘llJ ﬂgﬂfﬂﬁ%ﬂTiﬂi%LW]ﬂﬂﬁ3‘14111!531/?'31\‘]1/]3Jﬂ13ﬁ]ﬂﬂﬁﬂa\‘llﬂﬂlﬂﬁlﬂwawa@]
v
msvuds midudeaazimienanaadinan llgdusina neldinamsdminmsnszunn

£ J A o Y A . .
anJummgwmﬂwﬂmmwmaum (Garcia et al., 1988; Singh and Marcondes, 1992)

v Y [
991390930891 (Bruise Threshold) #1809 AANNgIvesinuazka lin ldnaaou
as J ltﬂy A A & o a a’/‘ a = d? .
Tﬂm‘ﬁmiﬂaaﬂ@ﬂmqwummgm AUNTESTNHANAAUUNAANUT YN 18U (Bajema and Hyde,

1998)



22
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1 ] o
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1. 1ATOINATOUNMTAUALINOU (Vibration Testing Machine)
2. n3eanaaausUasean (Dropping Test Machine)
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1 9 a) Y] [ o 3 o’/’ =) .
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o o a va a a Jd o

AU IAATZYT DR TAMISININTTUNEAT  AMLININTTUAIAAT SN
I~ a = 1 a S %
Wuszeznie 240 A lawas lagdszuar 1anasa A5 UUTUIUANUTINEH A

3 = 3 A o o 9 qu/ Y o A
manuneIvesnzunNuesnilu 5 Uszanae Hauan #ni1n dadauan Hnllg tieann

3 o A Y] | I £ ] o = ]

uaazdnnuumany  vaziadus  swdesisuannuderneluneazlszian g

3 Y A
ﬂ”ll!?]mllﬂi]"lﬂﬁuﬂﬁ‘ﬂ 1

A sd o = .
140 = wesisuaanuasrelszinan i

Y ]
= dminHpuzvivrnui@erielssan i
Y

o @ | J
ninsiwvosinuzuuvnuneluussenum

Q

Pi
Wi
Wl
12 msnadeuusIytaaiviediiligiuvesuzunam

o o A [ V3 o Ao (=} =S o'

Widnuzviwvnuidumsaadndudoia  lillanw@ene  sweminaue

1 : a va d 1
vissquuudy  Faduwpulfiadumsar (Conventionally Packed) aslunapinszais

qu/ a [ ] = @ @ s 9 1 Y o
anyn 5w Anwy 14 dlansuwuRedduussydusinlglumsvuds uanilinede
MIFUAINOUAIATEIT1a0INTAUTLINOUILUY  Rotary Motion Table HUAVUIA

a v [ { 4

1.5 A< 1.5 wasx 1.0 was 1uemes 1lih 3 wla vina 7.5 Aladad Ysuanuadiunies
[ A 9 o w 4 1 @ dy A ]
Ysuanud  vina 10 useh Midnvemesgnds ldumargnibed Tasenewiuaunas Ta

' ) Vv @ [IR4 Y < o w .
ﬂ'J'liJLﬁQﬂlﬁ]\?ﬂ'ﬁﬁuﬁglﬁﬂulﬂWﬂﬂiﬁﬁﬂlﬂﬁwjlaﬂﬂmﬂ'Jﬁlﬂ')']ilﬁ'ﬁf]ﬂﬂ'lﬁﬂ'ﬁﬂ\‘] (Chalyapong et al.,

2007) MWASTM Standard D999 Method A2 1Az ASTM Standard D-4169 N1A1M154 0.5 3
< a3 o vy & Yy o =

Aunat 10 N \WumMsdiaeansvuaInlgsnusINnNFIaeanadnunIAnEI1ved Turczyn

v
et al., 1986; ASTM Standard, 1991; Chonhenchob and Singh, 2005) $1u2U 3 $1/HUT 91N
o @ I a J

NATO VN VINHNUTUDITYAUNTAIUMITNATDY  WIATIVAD VLA AATIEHANUITENY
a LY [~ LY LY z o 4
wanavesdnuzaw  Tauudadly 4 dszande Houan #nd1n 9alnuan  wazgieosnn

Y v
I NUAU



26
@ J P Ao 1
1.3 m’u“n@ﬁ’e‘)1Jmiﬁ;ﬂmmmamﬁwwm°lwmmmmmmm

@ L4 1 ]
ﬂ1§@’€)ﬂLL‘U‘U‘U§§‘Qﬂm“ﬂ‘lﬂﬂﬁﬂﬂgﬂl'mw'l'lullﬂﬂﬁlﬁu (Developed Wholesale

Packaging, DWP) odenanmsinilnuzviunnuansoanunsagnilnilesldedislasads

Nnussmeueninnszitiamnfiename ieegludefimedajuuia Suhlnuda (Foam
Ball) EPS ymnaduriugudnats 5 Jaawas uaz 8 Jaawas inldliaeandosiunanms
AINa TﬂﬂwfmTWuﬁummmmm“lm%luﬁaﬁuﬁruﬁﬁa%’lmzmm"lﬁﬁa UsTIfuRIeds
ﬁﬁmmsﬁuuﬂwﬂf:é'hﬂﬂ%’ﬂémgﬂgmmﬁu uldiner Tudia (i 5) 1n1¥ahetlesiu

v
o a ] I 1
Hnuzuu01naudenieFeana (Mechanical Damage) Msnaaestiutesniu 2 @11 Ao
dy 9 Y] 4 A W 1
1.3.1 ﬂﬁ‘ﬂﬂﬁ@ﬂmﬂﬁ@luﬂiii}ﬂﬂl"l’l"lﬂﬂﬁ\‘lﬂWWHﬂﬁiJ"U@\ﬁJZelﬂllﬁ’ﬂu

[ v ~ (% 1
Niladsaruguas WufuznNY  (ANoazAizug) Hazdns1aIuveq
1 S @ a o J P @
WErusE 1IN THdan U NN (r) Iﬂﬁlﬂ'ﬁﬂW]ﬁﬂWﬂiuﬂJ@ﬂUﬁiﬂqﬂﬂ!cﬂ nigay 0%

(u3sysiuaiveaaileniiv) | 20%, 40%, 60% 1az 80% AININA 5 FIBATIHIUUDIHEN 0% AO
v

Nt Tudiaduiagiud udugvmmiuussylunaes i 20% sgiiSinaTwda 20%

= a a 1 % U 1 = a
Nsunmuzay 80% vesdsunasmelunaos sAUOATIAINYRINEY 40% YT Ty
Aa ] IS
40% zWNUTA 60% 1Az 80% Melunasaussy Ivludia 80% ULV IWHIUYNVITY 20%
[ Y
w915 uesmelunaes uNTOAIUNINAUMIN 2,3,4,5,6,7,8 1AL 9 IUIUHWAL 3 &
1< g [ 1 1 o z
TsoTrudaysoeiudundosnou udiussquzrmrnuawadliflunges  nawminlseTvy
3 A 3 o & 3 ' dy v W A 1 a 1 o 1 ~
Wasnasa Mulusu o ednll adunuliliFes o awdn Yathanaes thnaeslinaasun
FZAUAUD uazaNAITIUReINUAUINAde UL TIf M edwznurnuilagtiu
[ 4

2
@ a a 4
MINAINMITNATOVAUYA  UATICHAUTIOUSUDIVIIIAUN  (Packaging  Performance)

Tugtvesmanu@eiaranavednuzuninu



27

) 0% ) 20%

) 40% ) 60%

) 80%

@

4 @ 4 1 { ]
ﬂTWﬁS Uiiﬂﬂﬂ!“ﬂ‘lﬂﬂﬁ\‘]ﬂgﬂﬂﬂﬁ'ﬂuﬁ RNy



28

14 NN, NABINTEAIBNYALLY RSC

28.5

UV INU

Tluidia

9

4 o J 1 { ]
mwﬁ 6 uwuﬂmTmqﬁ%’Nuss@ammmaﬁammmmmﬁ CXTRNAYEY
1.3.2 MINATOUUITTYNURNoAI MM AUVDINLVINHNY

o [ 4 1 { o 1 4
WrannmInagevuITanamvediniau lminldnanimsal
o { . .. [ 4 1
MAUNIZAY (Proper Working Condition) U9U3 N UNVIGAINLYINHNY - NMINAADY
dy = 9 v W A Y4 9 = ~ 1<
Hazinertesnudulsae n) Wuguzamrnu ldun Gnowazeivug v) vuavesInudia
[ o Aa A Aa A [ 1 1 I~ Y]
(Furugudnan 5 daawas uaz 8 daawas) A) oaTIdIMYEINANTEHAN Tvludany
vz () aenldlSuasuzaiurnunannggey  80% lagllsines  (meluveendod)
[ 1 [ ! { ] I'd Aa a ]
udrlSunlasudandrumauamvina Tluinld Tduvwaduiuguinais s ladwas 14
9318 IUVOINANVDI INUAD DATIFIUVDINTUAD 15%, 20%, 25%, 30%., 35%, 40% UAL 45%

Twvine 8 dadweslgoasidivveswaumiouny ualisin 45% UssquzanuruLaz



29

o [ @ @ L4 1 { o 1 a
wwssysua lnaaeumilounumsnageuussysaaivieasiiaun v Usziiu
(% L J LY 1 v @ 1
ﬂ'lliiﬂugsll’f)\‘]‘ﬂiiﬂﬂﬂ!“ﬂiugﬂﬂ]ﬂflﬂTﬂ'ﬂﬂJLaﬂ‘ﬁWﬂ‘U@ﬂNﬂM%ﬂl'ﬂJ (D) FIUNUVIATINIUVDINTY
' 3 o [l
serIN INuEAN DN VINHIY (r) AITUUUIUUNITUIIY (Packing Density) Hag31n1U0

UTTYNUN (Packaging Cost) (M5 10 LAz 11)

] ]
= =

[ A o I ¥ 1 ] =S A
wanmsne 1wz ld1d idnniige ieasmvuds Judenussy
VLWIWNIUN 80% VoaTasmelunasd (0.8 Y9IANGINADI) 1N 9 NABI MUANMIN 2,
Y 1 A 9 o Y] 1
3 uag 4 U5voasarvvesnanved Iuamvinaldunly  awnsafuiaens1dIvveInay

4

vouIrluanaumsh 2,3, 4,5,6,7, 8 az 9 T IANNHULLUNIATINVDINZINHNUIUT
Aneaiiy 0.31 nSu/gNNANIFUANAT HazNZURUEAS YUY 033 NSU/gnUIARIEUAILAS
1 1 < Il 4 a A a a

dauanunuiuauves Iludavinaduiugudnars 5 Jaawasuaz 8 dodwas

1w [ J a o J a o w
NY 0.014 NIN/QNUIANKFUALNATLAL 0.010 NTN/QNUIANLFUALNAT ATHAIAU

AP = WXLXH......ocoovoiriiieel )

AP, (80%) = WXLx0.8H.................... 3)

AV, (80%) = AP, (80%)...........c.......... (4)

BD,

W, (80%) = AV, (80%) X BD, ........cocvvvnnnn.. ()
VVS, = AP, (80%) — AV, (80%)............. (6)

AP, (20%) = WXLX0.2H.................... )

AV, (20%)= AP, (20%)+ VVS, ....ocvoveeeeenn. (8)

W, (20%) = AV,(20%) X BD;........occveveen... (9)
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Abstract

The sweet tamarind is a pod, harvested ripe and usually consumed fresh. The
pod consists of a shell and pulp, which encloses the seeds. The main problem with
fresh sweet tamarind is the damage caused by packaging which deteriorates the fruit
quality and reduces the consumable amount of fruit. This research attempts to
quantitatively evaluate the damage of the sweet tamarind packaged in current
wholesale and retail containers and to propose an appropriate new package. The
proposed packaging is of a sleeve design, 15 cm in diameter by 20 cm in height,

containing a mixture of 5 mm foam balls and sweet tamarind inserted vertically. This

packaging imparts %to é of the damage of conventional packaging and costs half the

price.

Keywords: Postharvest; sweet tamarind; packaging; vibration test; drop test
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Introduction

Mechanical injury is one of the major causes of perishable product quality
loss (Mohsenin, 1996). The damage is sustained during harvesting, post-harvest
handling, transportation and cold storage (Ruiz-Altisent, 1991). For tropical fruit like
mangosteen and rose apple, that are characterized by a high respiration rate,

Pushpariksha, Singh, Jarimopas and Janhirun (2006) found that 86% of the wholesale

mangosteen were afflicted by defects including cracking, hard rind, rough surface and
internal abnormalities. In addition, rose apples at a wholesaler were shown to have

suffered a considerable loss as result of abrasion (72.2%) and bruising (123.3%)

(Toomsaengthong, Singh and Jarimopas, 2006).

The experience with sweet tamarind (Tamarindus indica L.), which is one of
the most popular fruit types in Thailand, is similar. The tamarind “fruit” (which is
actually a pod) is harvested ripe and usually consumed fresh. The pod consists of a
shell and flesh, which encloses the seeds. The shell easily separates from the flesh
when the fruit is mature. The sweet tamarind is high in phosphorus and potassium,
and also in vitamins such as thiamin and niacine (Gunasena and Hughes, 2000). The
two most popular cultivars are “Sitong” (curved pod) and “Srichompoo” (straight
pod) (Fig 1). Jaisin and Jarimopas (2007) applied the image processing technique to
analyze the curvature of the sweet tamarind of both varieties in terms of curvature

index. The index characterizing Sitong and Srichompoo were valued 75.8 and 51.1%

respectively. Sitong was physically larger and heavier than Srichompoo (Jarimopas,
Sirisomboon, Sothornwit & Terdwongworakul 2007a) because Sitong took a longer
time to mature than Srichompoo (Department of Agricultural Promotion, 2000).

Harvested Sitong and Srichompoo have a low moisture content of 18.7% and 18.5%

respectively (Jarimopas et al., 2007a).

Wholesale packaged sweet tamarind is subjected to mechanical loading
damage during transportation mainly through vibration (Jarimopas and Sirisawas,

2006). The factors affecting vibration damage are (i) road profile (ii) truck suspension
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system (iii) produce natural frequency (iv) packaging (Mohsenin, 1996). For
developing countries like Thailand, it is difficult to improve roads and trucks in order
to alleviate packaged fruit damage because of the limitations associated with national
economics and low produce prices. Perishables are typically transported by trucks and
pick-up vehicles equipped with steel leaf spring suspensions (Jarimopas, Singh and
Saengnil, 2005). For certain produce, it would be easier to improve the packaging.
The damage of sweet tamarind was from direct contact among the pods in a container.
The solution might be obtained by using foam balls as a cushioning material in
between tamarind contained in a package. Nowadays, foam balls are successfully
used as cushioning material protecting packaged pottery for export. Available foam
balls are made of expanded polystyrene (EPS) which is 90% comprised of air. The
EPS structure characterizes the cushioning properties suitable for packaging
applications (Beck, 2000). Physically, sweet tamarind and pottery are of similar

fragility.

The sweet tamarind in retail packaging is mainly subjected to manhandling
(Rachanukroa, Jarimopas and Singh, 2007). The result of this rough treatment is that
most of the tamarind pods appear to be cracked when the retail packages are opened
for inspection. Turczyn, Grant, Ashby and Wheaton (1986) reported similar results
with potatoes which had been subjected to manhandling. They found that “shatter
bruising”, involving a break or crack in the potato skin, is predominantly caused by
impacts sustained during loading and unloading. Careful design and use of protective
packaging materials therefore are important factors in helping to reduce the physical

damage that typically occurs during transport and handling (LeBlanc and Hui, 2005).

Several researchers studied damage of packaged fruit subjected to transit
vibration (Hinsch, Slaughter, Craig, Thompson, 1993; Singh and Xu, 1993; Singh and
Marcondes, 1992; Jarimopas et al., 2005). Hinsch et al. (1993) and Jarimopas et al.
(2005) conducted the test of real transport using electronic instrumentation
measurement. O’Brien, Gentry, and Gibson (1965), Chonhenchob and Singh (2005),
Turczyn et al. (1986) used a simulated vibration test. The real transport test was

expensive and rather difficult to manage, especially if instrumentation was broken
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down or test repetition was required. The simulated test was more easily handled,

cheaper and could be performed if the atmospheric environment was poor.

A variety of performance tests and packaging evaluations have already been
carried out with regard to tropical fruit like mango, papaya, mangosteen, rose apple
and rambutan (Chonhenchob and Singh, 2004; Chonhenchob and Singh, 2005;
Chaiyapong and Jarimopas, 2007; Pushpariksha et al., 2006; Jarimopas,
Toomsaengtong, Singh, Singh and Sothornwit, 2007b; Jarimopas, Pruengam,
Pohnsakullerschai and Sricholpet, 2006a). However, until now, no methodology has
been developed for packaging sweet tamarind. Accordingly, this research aimed to a)
determine post-harvest damage sustained by sweet tamarind in wholesale and retail
forms of packaging, b) comparatively test and evaluate the performance of current
and new wholesale packaging and c) comparatively test and evaluate the performance

of new retail packaging.

Materials and Methods

1. Post harvest damage determination

The determination of post harvest damage of sweet tamarind packaged in
wholesale containers was based on Jarimopas, Pushpariksha, Singh and Singh
(2007¢). The related test used the sweet tamarind of two cultivars, “Sitong” and
“Srichompoo”, as experimental samples. Regarding grower experience, the sweet
tamarind was manually harvested, stored at room temperature (= 15-22 °C) for three
weeks and then manually packed by orchard growers into 14 kg regular slot
containers (RSC) double walled corrugated paper boxes, the dimensions of which
were 27.5 cm (width) x 41cm (length) x 36.5 cm (height). Five boxes were provided
for the samples from each cultivar. The sweet tamarind boxes were transported in a
single layer in the truck bed of a pick-up truck from an orchard in Saraburi province
to the Agricultural Engineering Laboratory at the Kamphaengsaen campus of

Kasetsart University. The 240km trip simulated the typical journey between orchard
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and wholesale market. All the sweet tamarind boxes were then opened, inspected and

analyzed for type and quantity of mechanical damage.

For the damage determination of the sweet tamarind packaged in retail
containers, the sweet tamarind samples from both cultivars were purchased from
Bangkok retail outlets. The tamarind was available in two types of packaging: 1 kg
plastic nets and 1 kg paperboard boxes. Each package type was bought at random (10
replications each). Each retail package was opened, inspected, and analyzed for type

and quantity of mechanical damage.

2. Testing of current wholesale packaging

The current wholesale tamarind packaging used RSC double wall, corrugated
paper boxes. Each box contained uniformly mature and damage free sweet tamarind
and weighed 14 kg. The testing procedure was based on Turczyn et al. (1986) and
Jarimopas et al. (2007b). The prepared sweet tamarind package was subjected to a
vibration simulator. The simulator featured a 1.5 m by 1.5 m vibrating table, which
was eccentrically rotated by a 7.5 kw three-phase electric motor whose speed was
varied by an electronic inverter. The vibration table provided constant frequency and
acceleration for the tested load from 0.1 to 1.2 g at any selected loading level ranging

from 2 to 200 kg (frequency variation = 0.3%) (Chaiyapong, Hom-haul and Jarimopas,

2006). The vibrator was set to sinusoidally vibrate at a peak acceleration of 0.5 g for
10 minutes to simulate truck transport. The test was replicated five times. Mechanical
damage to each box was checked and analyzed after the application of vibration. The
percentage of the damage type i = weight of the damaged pod type i/total weight of
sweet tamarind pods in the box multiplied by 100.

3. Testing of the new wholesale packaging

Foam balls were used to cushion the sweet tamarind in the wholesale

container. The testing procedure was based on Rachanukroa, Singh and Jarimopas.
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(2006), who experimentally demonstrated that mixing foam balls in with sweet
tamarind could reduce vibration damage. The mature sweet tamarind was of uniform
size, free from damage and 14 kg RSC corrugated boxes were used for the test. The
experiment included variations of three control factors, namely a) foam ball of two
sizes (5 and 8 mm diameter), b) the two cultivars, and c¢) the mixing ratio of foam
balls and sweet tamarind. The mixing ratio implied the volume of foam ball in the
mixture which was measured in percent with regard to container volume. The mixing

ratios for the 5 mm foam balls ranged from 15-45% in 5% gradations with regard to the

apparent internal volume of the corrugated paper box. The range for the 8§ mm balls

was similar, although the value of 45% was excluded because it resulted in too dense

packing of content. The foam balls were first placed at the bottom of the boxes and
sweet tamarind pods were then inserted on top of them. The interleaving of sweet
tamarind pods with foam balls continued layer by layer and the testing procedure used
with current wholesale packaging was repeated. Three replications were performed
using different combinations of the factors. The performance of the new wholesale
packaging in terms of sweet tamarind damage and the associated mixing ratio was

analyzed.

4. Determination of dropping characteristics of a retail package

Wholesalers of sweet tamarind in Thailand are located in large open markets
or supermarkets which have cold storage areas, while the preparation and sale of retail
packaging mostly occurs in the markets. Thus, pods in retail packaging are mainly
subjected to dropping rather than vibration by trucks during transit. The test was
obtained by observation in five big department stores in Bangkok. Twenty
observations were made at the peak retail time of 16:00 — 19:00 hours in each
department store. Dropping characteristics included the height at which the retail
package of sweet tamarind was held, the number of packages that were dropped at a
given time, the height of the display shelf, the number of times the package was
picked up, and the “picking-inspecting height” (i.e. the height between the shelf

surface and the commodity while it was inspected). The data were then analyzed.
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5. Drop testing of current sweet tamarind retail packaging

Sweet tamarind selected from the two cultivars, which were of uniform size
and free from damage, were manually packed by a retailer in four commonly used
types of 1kg retail packages. The packages included plastic nets, plastic bags, foam
trays and paperboard boxes (Fig 3). The performance test was executed according to
the standard test method ASTM D775-80. Each prepared retail package was placed
symmetrically on the two steel drop-leaf plates of the drop test mechanism
(Jarimopas, Srisuk and Kachasri, 2004) which was designed in such a way that the
packages were carried and dropped horizontally. The plates could be slid vertically to
a selected drop height recommended by the results of the previous determination of
dropping characteristics of a retail package. The plates were mechanically controlled
to allow the simultaneous and unhindered release of the packages. The apparatus was
also designed in such a way that the packages were assured to make a flat-face impact
on a flat rigid steel floor which weighed about 200 times the tested package weight.
The number and height of each drop was obtained from the previous determination of
dropping characteristics. Ten replications for each combination of cultivar and current
retail package type were employed. The percent damage was calculated by the

following equation:

Percent damage of the damage type 1 = (Weight of sweet tamarind pod having
damage type 1) / (total weight of sweet tamarind pods in the retail package).

6. Drop testing of the new sweet tamarind retail packaging

Jarimopas, Sayasoonthorn, Singh S. and Singh J. (2006b) have demonstrated
that single face corrugated paper boxes provide better protection than foam nets when
the corrugators are faced outwards from the wrapped fruit. With respect to this
finding, the new sweet tamarind retail packaging is 1 kg sleeve (Fig 4) consisted of a
cylindrical plastic bag which was inserted with a cylindrical piece of rectangular
single-faced corrugated paper. This paper was rolled to form a cylindrical sleeve in

such a way that the corrugated surface faced outwards and the flute ridge was parallel
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to the length of the plastic bag. This configuration eased the insertion of the sleeve
into the plastic bag. By contrast, inserting the sleeve with the flute ridge perpendicular
to the length of the plastic bag was comparatively difficult and much more likely to
cause several flute foldings, which in turn would negatively affect the packaging and
the quantity of the sweet tamarind pod that could be inserted in the sleeve. The base
of the bag was lined with a piece of circular single faced corrugated paper and the
bag’s mouth was tightly tied, which had the effect of dampening pod movement in the
package. The drop test procedure that was used with the previous testing of the
current retail packaging was repeated in this experiment. The experiment was set to
evaluate the effect of variation of three control factors upon the sleeve packaging; a)
bag diameter (9, 12, 15, 18, 21, and 24 cm), b) cultivar type (Sitong and Srichompoo),
and c) fruit orientation in the package (horizontal, vertical). The tested bags were

filled with a mixture of sweet tamarind pods and 5 mm foam balls at a 30% mixing

ratio. Ten 1-kg sleeves were prepared for each combination of bag diameter, cultivar,
and fruit orientation. The sleeve performance was further analyzed using analysis of

variance and the Duncan Multiple Range Test.

Results and Discussion

1. Post harvest damage

Five different kinds of post harvest damage to tamarind are found in the
wholesale and retail markets. They included broken shells, hairline cracks, stem end
cracks, holes and mould. The hairline crack is a separation as small as a hair line on
the pod skin and thus the internal part of the pod cannot be seen through the
separation. “Broken shell” refers to a more serious type of injury, one in which a
piece of the broken shell is missing and the flesh inside the pod is exposed. Stem end
crack means the stem of shell has broken off or the intrusion of one pod casing into
another. Holes which are due to insect damage tend to be circular while holes due to

stem end damage causes an irregularly-shaped penetration.
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Table 1 describes the statistical incidence of each type of damage of wholesale
packaged sweet tamarind for each cultivar. The first three types of damage are due to

mechanical loading and contribute more than 70« of the total post harvest damage. As
can be seen, the post harvest damage to the Sitong (22.0%) variety was less than that
sustained by pods of the Srichompoo (29.5%) type. For retail packaging, the type of

cultivar and retail packaging significantly affected damage to packaged sweet
tamarind at a significance level of 5% (Table 2). When pods were packaged in plastic
nets, damage sustained was about 25% higher than when they were packaged in
paperboard boxes. The first three types of damage were due to mechanical loading
and contributed about 80% of the total post harvest damage. The damage due to
mechanical loading in retail packaging was greater than that in wholesale packaging
might be, owing to more handlings that sweet tamarind experienced. The pods of the
Sitong variety exhibited less post harvest damage than Srichompoo pods. This is
explained by the greater strength and resistance to mechanical loading of the Sitong
shell as defined by the rupture force and slope of force-deformation response under

compression (Jarimopas et al., 2007a)

2. Performance of current wholesale packaging

Sweet tamarind of both cultivars that were subjected to vibration while
enclosed in conventional wholesale packaging sustained damage of 1.9% (Sitong) and
7.7% (Srichompoo). Pods of the Sitong variety suffered less damage than the
Srichompoo pods because of their mechanical strength, which agreed with the
previous post harvest damage determination. Pods that had been transported to the
laboratory by the researchers suffered lower injury than pods which had been sourced
from orchards. This suggests that manual packing by the growers had caused damage

to at least some of the pods before they were transported.
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3. Performance of new wholesale packaging

Table 3 shows that foam ball size, the cultivar and the mixing ratio
significantly affected the total damage sustained by sweet tamarind in the new
wholesale packaging at p<0.05. The optimum mixing ratio for pods that were

cushioned by Smm balls in the new form of packaging was 30%, with total damage
found to be 0.84% and 3.41% for Sitong and Srichompoo pods respectively. When 8
mm foam balls were used, the optimum mixing ratio was 35% and corresponding total
damage for Sitong and Srichompoo pods was 1.25% and 3.91% respectively. It can be

suggested that adding more foam balls to the mixture does not have the desired effect
of reducing total damage. At an optimum mixture level, the balls are packed densely
enough to absorb the majority of the vibration energy transmitted by the packaging.
Continuing to add more balls does not contribute more to absorption of impact energy
because the ball mass at optimum mixture levels has reached its energy absorption
saturation point. The energy absorption threshold point for the 5 mm foam balls takes

place at a lower mixing ratio (= 30%), compared with the ratio required by 8 mm

foam ball packaging (mixing ratio = 35%).

4. Dropping characteristics of retailing packaging

Table 4 reports the statistics of the dropping characteristics of retailing
packages. The average shelf height was 78 cm. A customer picked up a package and
inspected it at an average height of 27.6 cm and as often as 1.31 times. After buying
it, the customer carried the package at an average height of 79 cm from the ground
and had a 0.02% chance of dropping it. In similar experiments conducted with
potatoes, Turczyn et al. (1986) found that the packaged vegetables had to be dropped

from a distance of at least 80cm onto a hard surface to cause shatter bruising.
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5. Performance of current sweet tamarind retail packaging

Table 5 records the damage that is suffered to sweet tamarind in current retail
packaging during drop tests in the laboratory. As Table 4 shows, the dropping
probability was much less than one. However, the minimum drop of a retail package
which could be practically performed was one. The cultivar and the retail package
type significantly affected sweet tamarind damage at a significance level of 5%. The
damage included broken shells, hairline cracks, stem end cracks and holes. No mould
was found because the samples were drawn from clean sweet tamarind pods. The
range of the total damage was between 56.7 and 32.4%, which compared well with
what is found in a) commercial practice (range from 55.4 to 33.2%) (Jarimopas and
Sirisawas, 2006) and b) determination of the post harvest damage described in
section 2 (range from 57.3 to 33.9%). The maximum total damage occurred in plastic
nets while minimum total damage was sustained in paperboard boxes. The higher
damage that occurred in the former type of packaging was due to the thin, fibrous
characteristics of the netting, and the fact that the area of the net which is in contact
with the sweet tamarind pods is very small. Therefore, cushioning which is provided
to the pods is almost nil and the pods at the net surface are exposed to violent contact
by surrounding solids. Moreover, the pods inside the net are also in contact with each
other and thus are easily agitated whenever the pods at the net surface are struck. This
phenomenon creates a momentary chain of contact impact and severe damage results.
On the other hand, sweet tamarind in paperboard boxes are much better protected and
so related mechanical injury occurs less frequently. As noted before, Sithong pods
were much less liable than Srichompoo pods to be damaged whatever the type of

packaging because of the greater mechanical strength of the first named pods.

6. Performance of new sweet tamarind retail packaging

Table 6 records the performance of the new retail packaging in terms of the
mechanical damage resulting from the drop tests. The new retail packaging uses

widely available Smm balls at a 30% mixing ratio. The cultivar, package diameter and

pod orientation significantly affected damage to packaged sweet tamarind at a
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significance level of 5%. Furthermore, it was found that damage to the pods was less
when they were packed vertically instead of horizontally and that the Sitong pods
were less susceptible to damage than the Srichompoo pods. This was due to the

greater strength of the Sitong shell (Jarimopas et al., 2007a).

Increasing the package diameter also was found to decrease damage. This is
because the larger diameter produces a larger contact area, which imparts less impact
energy per unit impact area of constant package weight. This observation accords
with experimental results which show that less impact energy per unit area yields less
mechanical injury in several types of fruit (Sayasoonthorn, Singh and Jarimopas,
2006, Jarimopas, 2006; Srirungrueng, Jarimopas and Jantong, 2007). The foam balls
that were mixed with the sweet tamarind absorbed impact energy so well as to
diminish the severity of the energy transmitted to the sweet tamarind, which resulted
in less damage. Sweet tamarind damage levels reached a minimum level of 7.52% for
Sitong pods at a package diameter of 12 cm and 10.60% for Srichompoo pods at a

package diameter of 15 cm. This suggests that the new retail packaging could reduce
damage to about % (Sitong) and ? (Srichompoo) of the levels sustained when

current packaging is used. Table 7 shows that the new packaging is very cost
effective, being equivalent to the cost of plastic bags and about half that of paperboard

boxes.



Table 1 Percentage of post-harvest damage of wholesale packaged sweet tamarind pod sustained by Sitong and Srichompoo varieties

Wholesale Damage type* (%)
Cultivar package Broken Hairline Stem end Holes Mold Total
type shells cracks cracks
Sitong Corrugated box 6.21+2.91 3.75£1.32 6.3312.41 3.81£2.23 1.94£1.00 22.03+2.55
Srichompoo Corrugated box 4.49+1.83 9.18+4.66 6.37£3.30 8.28+1.98 1.2240.93 29.54+3.91

Table 2 Percentage of post-harvest damage sustained by retail packaged sweet tamarind pods of the Sitong and Srichompoo varieties

Retail Damage type* (%)
Cultivar package Broken Hairline Stem end Holes Mold Total
type shells cracks cracks
Plastic net 15.97£2.11b*  11.944£2.00a  9.94+2.08bc  5.25+1.25a 4.234+2.18a 45.98+1.62¢
Sitong Paperboard box 12.33+0.81a 10.11+£0.34a  6.13£1.52a 3.49+0.80a 3.18%1.06a 33.9440.23a
Plastic net 18.96+1.24c 15.60+£1.57b  11.55£0.79¢c  8.07£1.79b 3.35+0.46a 57.33£1.17d
Srichompoo Paperboard box 16.31+£1.25b 11.93+2.32a  7.77£1.32ab  4.66£0.75a 3.51£0.81a 43.51+£0.45b

*Means in the same column with different letters are significantly different (p<0.05)
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Table 3 Damage performance of the new form of wholesale packaging

5 mm foam ball & mm foam ball
Cultivar Mixing 15 20 25 30 35 40 45 15 20 25 30 35 40
Ratio(%)
Sitong 1.67d* 1.38c 1.15b 0.84a 0.82a 0.79a 0.78a 1.77d  1.65d 1.52¢ 1.37b 1.25a 1.23a
Srichompoo 7.02d 6.37c 4.51b 3.4la 3.37a 3.35a 3.29a 7.35¢ 697d 5.86c 4.77b 3.91a 3.85a

*Means in the same row of the same cultivar and foam ball size with different letters are significantly different at p<0.05

Table 4 Mean and standard deviation of dropping characteristics of retail packaged sweet tamarind in selected supermarkets.

Shelf height (cm) Picking-inspecting Picking number Holding height (cm) Dropping probability
height (cm)
78+14.8 27.55£1.6 1.31£0.1 79+2.3 0.02

4]



Table 5 Percentage of damage sustained by sweet tamarind pods in current forms of retail packaging subjected to drop testing.

Retail package type

Damage type* (%)

Cultivar Broken shell ~ Hairline crack  Stem end crack Hole Total
Plastic net 19.21+£3.63b  21.28+4.65bc 3.13+4.16a 1.3442.19ab  44.93+0.97¢
Sitong Plastic bag 19.56+3.14b  17.26+4.90ab 2.62+3.61a 0.91£1.93a 40.36+1.03c
Foam tray 20.01£3.09b 14.1944.75a 2.3743.14a 0.96+2.03a 37.54+1.25b
Paperboard box 12.83+4.93a 15.89+5.97a 2.77£3.71a 0.94£2.01a 32.43+1.02a
Plastic net 25.03+4.50c  24.64+4.46¢cd 3.26+2.13a 3.77£1.48¢ 56.70+1.75h
Srichompoo Plastic bag 17.58+3.64b 28.44+6.84d 4.084+2.94a 3.67£2.92¢ 53.77+1.72¢g
Foam tray 16.41+£5.56ab  28.66+3.90d 2.39£1.70a 0.72£1.24a 48.21+1.87f
Paperboard box 13.284+5.69a 23.114£7.22¢ 2.40+1.59a 3.06+2.16bc  41.84+1.65d

*Means in the same column with different letters are significantly different (p<0.05)

€8



Table 6 Duncan Multiple Range Test of sweet tamarind damage in the new form of retail packaging with reference to package

diameter, cultivar and pod orientation.

Pod Packaging dimension (diameter x height)
Cultivar orientation 9cmx45¢cm 12cm*x40cm  15cmx20cm  18cmx15¢cm  21lecmx12cm 24cmX9cm
Srichompoo Vertical  17.34+0.46d** 14.544+0.44b 10.60+0.32a 10.52+0.49a 10.48+0.29a 10.41+0.36a

Horizontal ~ 29.36+0.75g  23.19+1.14f 18.55£0.80e 15.77£0.65¢ 15.53+0.31c 15.4140.25¢
Sitong Vertical 11.431+0.47c¢ 7.52+0.34a  7.4710.49a  7.38+0.37a  7.34+0.46a  7.34+0.36a
Horizontal ~ 19.0240.82¢  12.45+£0.55d 9.824+0.54b  9.73£0.46b  9.68+0.28b  9.50+0.62b

** Means of the same cultivars with different letters are significantly different (p<0.05)

¥8



Table 7 Cost comparison of sweet tamarind retail packaging

Packaging type Cost of Packaging
(USD/kg of sweet tamarind)
1. Plastic net 0.136
2. Plastic bag 0.187
3. Foam tray wrapped with shrink film 0.290
4. Paperboard box 0.400
5. New form of retail packaging 0.195

|
Hi

a) Sitong cultivar b) Srichompoo cultivar

Fig 1 The sweet tamarind pod
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F 14 kg, RSC, corrugated paper box

28.5cm

Sweet tamarind
Foam ball

Fig 2 New form of wholesale packaging; varying mixture ratios of foam balls

and sweet tamarind pods.

(Packaging was obtained by first placing foam balls at the bottom of the corrugated
box and then sweet tamarind was inserted on the top of them. The sweet tamarind pods were
randomly packed. The interleaving of sweet tamarind pods with foam balls continued layer by
layer. The thickness of foam ball layer depended on the mixing ratio. The mixing ratios for

the 5 mm foam balls ranged from 15-45% in 5% gradations with regard to the apparent internal

volume of the corrugated paper box. The range for the 8 mm balls was similar, although the

value of 45% was excluded because it resulted in too dense packing of content).
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a) 1 kg plastic nets with random packaging b) 1 kg plastic bag with random
packaging

c) 1 kg extended polystyrene foam tray d) 1 kg paperboard box with a small plastic
randomly containing sweet tamarind window on the top and random packaging

and wrapped with stretch film

Fig 3 Current sweet tamarind retail packaging
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a) Real picture displays information and decoration can be put on the package

surface to promote sale

Fig 4 New form of retail packaging of sweet tamarind
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Plastic Bag

e |
T Il -W Single face corrugated

paper board

20 cm.

Sweet tamarind
in vertical orientation

J}L‘ 5 mm foam ball

Single face corrugated
v . paper board

< 15 cm.

(The new sweet tamarind retail packaging is 1 kg sleeve consisted of a cylindrical
plastic bag which was inserted with a cylindrical piece of rectangular single-faced corrugated
paper. This paper was rolled to form a cylindrical sleeve in such a way that the corrugated
surface faced outwards and the flute ridge was parallel to the length of the plastic bag. The
base of the bag was lined with a piece of circular single faced corrugated paper and the bag’s
mouth was tightly tied, bags were filled with a mixture of sweet tamarind pods and 5 mm

foam balls at a 30% mixing ratio. Foam balls are first placed at the bettom and in the space
among sweet tamarind pods. The pods are packed vertically.)
b) Schematic diagram of construction

Fig 4 New form of retail packaging of sweet tamarind (cont.)
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Conclusion

Post harvest injuries to packaged sweet tamarind at wholesale markets
comprise broken shells, hairline cracks, stem end cracks, holes and mould. The
damage to sweet tamarind packed in corrugated paper boxes is 29.5% with

Srichompoo and 22.0% with Sitong. With regard to retail packaging, the maximum

total damage rate was 57.3% and the minimum total damage was 33.9%. The cultivar,
mixing ratio and foam ball size significantly affected packaged sweet tamarind
damage at p<0.05. The optimum wholesale packaging was a mixture of 5 mm foam

balls and sweet tamarind in a corrugated paper box with the mixing ratio of 30%. The

current retail packaging of sweet tamarind presents a maximum and a minimum total
damage of 56.7% and 32.4%. The new retail packaging is sleeve, 15 cm in diameter
by 20 cm in height, featuring a 30% foam ball mixture, 1 kg capacity and the sweet

tamarind pods vertically inserted. The damage sustained to the Sitong and
. - . 1 1
Srichompoo varieties of sweet tamarind occurs at P and gof that of the current

packaging.
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ABSTRACT

The purpose of this research was to investigate post-harvest damage and
performance of the current sweet tamarind wholesale package and present the
developed packaging of minimum damage under simulated vibration. Methodology
comprised (a) collection and analysis of current wholesale packages at random at
retailer, (b) performance testing and evaluation of the current wholesale package
compared with the developed wholesale package which consisted of the mixture
between 5 mm. Diameter foam ball and sweet tamarind at the varying mixing ratio of
the ball at 20%, 40%,60% and 80% by container volume. The test was based on
ASTM D999 method A2 standard and ISTA Project 1A with vibration simulator and
two cultivars of tamarind (Si-thong and Sri-chompoo). The vibration was set at the
frequency of 4 hz. and duration of 1 hour. The experiment was designed to be
completely randomized design and analyzed by the use of Duncan’s multiple range
test with two controlling factors (i.e. cultivar and mixing ratio). Results showed that
post-harvest damage of sweet tamarind pod in the current wholesale packaging, which
is corrugated paper box, was about 22.03% and 29.54% for Si-thong and Sri-chompoo
respectively. The damage included crack, hair line crack, stem end crack, hole and
mold. The current package damage after simulated vibration with Si-thong and Sri-
chompoo was 1.9%, 7.8% respectively. The cultivar and the mixing ratio significantly
affected pod damage at the significant level of 5%.The damage (D) proportionally
decreased with the mixing ratio I. The equation of relationship between pod damage
and the mixing ratio for Si-thong is D = -0.014r+1.823 (R*> 0.99) and for Sri-
chompoo is D = -0.089r+8.043 (R*> 0.97). The proper mixing ratio of the ball was
20% corresponding to the lowest packaging cost of 1.05 (Si-thong) and 1.0 (Sri-

chompoo) USD per kilogram of tamarind respectively.
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INTRODUCTION

Sweet tamarind (Tamarindus indica L.) is one of the most favorite fruit in
Thailand. The fruit, which is actually pod, is harvested ripe and normally consumed
fresh. The sweet tamarind has low water content, high in phosphorus, potassium and
rich of vitamins, thiamin and niacin (Gunasena and Hughes, 2000). Two popular
cultivars are Si-thong and Sri-chompoo.

Mechanical injury is one of major causes of considerable quality loss of
perishable product.The damage was estimated in the chain between the growers and

the consumer to be around 30-40% (Peleg and Hinga, 1986). The damage occurred

during harvesting, postharvest handling, transportation and cold storage (Ruiz-
Altisent, 1991). In particular, with transportation Singh and Xu (1993) reported that as
many as 80% of apples can be damaged during simulated transport by truck. Singh
and Marcondes (1992) showed that by improving the truck from using steel leaf
spring suspension to air-ride suspension could achieve great improvement in ride
quality and damage reduction. However, LeBlanc and Hui (2005) wrote that the
smooth suspension system has shown that vibration damage still present. Several
researches on performance test and evaluation of packaging with tropical fruits like
papaya, mango, mangosteen, rambutan (Chonhenchob and Singh, 2004; Chonhenchob
and Singh, 2005) were carried out, but with sweet tamarind has so far been
unavailable. This research is then to a) comparatively test and evaluate performance
of the current and the developed wholesale packaging of sweet tamarind and b)

determine postharvest damage of sweet tamarind after transport.

MATERIALS AND METHOD

I. Post-harvest damage determination

Sweet tamarind of two cultivars, i.e. Si-thong and Sri-chompoo, was

manually harvested, stored naturally in the shed for three weeks and then packed at
random into 14 kg. Regular slot container (RSC) double wall corrugated paper box,
wide by 27.5 cm. Long by 41 cm. 36.5 cm. High. Five boxes were for each cultivar.
The sweet tamarind boxes were further transported in a single layer by a typical pick-
up car directly from the orchard in Saraburee province to Agricultural Engineering

Laboratory, Kamphaengsaen Engineering Faculty (240 km. Apart) , representing a
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retailer of the nearly open market. All boxes were opened, checked and analyzed for

type and quantity of the related mechanical damage.

I1. Current Wholesale Packaging and Developed Wholesale

Packaging testing.

The current wholesale packaging features 14 kg. RSC double wall
corrugated paper box and sweet tamarind pods packed inside randomly. Each box,
containing good pods without damage and with conventional packing, was tested by a
vibration simulator at the frequency of 4 hz. for 1 hour according to the ASTM
standard D999 method A2 ASTM (1991) and Chonhenchob and Singh. (2005). Five
replications was made for each cultivar. Mechanical damages of each box were
checked and analyzed after the vibration. Percentage of damage type i = (weight of
the damage pod type i/total weight of sweet tamarind pods in a box) x100.

Design of the developed wholesale packaging DWP was derived out of the
concept that sweet tamarind pod will be safely protected if it stays in the human arm.
The arm will provide soft and uniform contact to the pod in all directions. The
concept could be brought into practice by mixing the pod with a lot of small foam
balls (5 mm. In diameter and made of polyethylene) such that a pod lying inside a
bulk of foam ball like the arm. The DWP (Fig. 1) still use the current RSC corrugated
box with the new aforementioned concept of interior packaging management. Testing
of the DWP was designed in completely randomized design with two control factors,
ie. Cultivar (Si-thong and Sri-chompoo) and mixing ratio of foam ball and sweet
tamarind (0% which is current package, 20%, 40%, 60%, 80%) by inside volume of
the container. Three replications were made for each combination of the control
factors. The foam ball was first put at the bottom of the box and then sweet tamarind
pod followed. Placing sweet tamarind pod and pouring foam ball continued
interchangeably layer by layer. The DWP was tested with the same vibration
simulator and standard as the current packaging was. After the test packaging
performance in term of mechanical damage, packing density and packaging cost was
analyzed. Packing density= volume of sweet tamarind pod/volume of the container.
Packaging cost=(cost of RSC box+cost of foam ball in a container)/total weight of

sweet tamarind in the container.
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e.) 80%

Figure 1. Developed wholesale packaging of varying mixing ratio between foam ball

and sweet tamarind pod.

RESULTS AND DISCUSSION

I. Post-harvest damage

Fig. 2 shows five different kinds of postharvest damage, ie, crack, hair line
crack, stem end crack, hole and mold. The hair line crack is a separation as small as
hair line on the pod skin. The internal part of the pod cannot be seen through the
separation. The crack is pod skin separation that is greater than hair line size. The pod
inside is often seeable through the separation. The stem end crack is similar to the
crack but it happens at the stem end. The hole could be either due to insect or stem
end penetration of one pod into the other. The first three damages were due to

mechanical loading and contributed more than 70% of the total postharvest damage

(Table 1).
Postharvest damage of Si-thong (22.03%) was lesser than Sri-chompoo

(29.54%). This might be explained that the strength of Si-thong shell, defined by the
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slope of force-deformation response under compression, was found to be higher than

that of Sri-chompoo Jarimopas et al., 2005), resulting higher resistance to mechanical

loading during vibration.

Table 1 Post-harvest damage of sweet tamarind (in percent).

Post-harvest damage

Types of damages Si-thong Sri-chompoo
Crack 6.211£2.91 4.49+1.83
Hair line crack 3.75£1.32 9.18+4.66
Stem end Crack 6.331£2.41 6.37£3.30
Hole 3.81£2.23 8.28+1.98
Mold 1.94+1.00 1.224+0.93

Total 22.031£2.55 29.54+3.91




100

a.) Crack b.) Hair line crack

c.) Stem end crack d.) Hole due to insect

e.) Hole due to penetration. f.) Mold.

Figure 2. Post-harvest damage of sweet tamarind pod

I1. Performance of The current and the developed wholesale packaging.

Simulated vibration of the well-inspected sweet tamarind in the current
wholesale packaging resulted the mechanical damage of Si-thong and Sri-chompoo to
be 1.9% and 7.8% respectively. Si-thong got less damage than Sri-chompoo did,
because of its mechanical strength, which agrees with the pervious postharvest
damage determination. The difference in damage magnitude may be due to the
mixture of hair line crack pods, which was hardly seen except careful inspection, in
the boxes from the orchard so that the hair line crack became crack under vibration.
Table 2. shows percentage of mechanical damage (excluding mold) of the developed
wholesale packaging of varying mixing ratio under vibration. 0%, referring to the
current packaging, gave the highest damage in both cultivars. The more the proportion
of foam ball was, the less the mechanical damage became. This implies the higher
proportion of foam ball absorbed more vibration energy and less kinetic energy was
given to the pod. Increasing of the mixing ratio I exhibited linear decrease in sweet

tamarind damage (D), resulting the corresponding linear regression as follows: D = -
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0.014r+1.823 (R*>>0.99) and D = -0.089r+8.043 (R*>>0.97) for Si-thong and Sri-

chompoo.

Table 2. Percentage of mechanical damage of the developed wholesale packaging

Mixing ratio (%) Mechanical damage (%)

of foam ball with

respect to package Si-thong Sri-chompoo

volume

0 1.90+0.73 7.74+1.83
20 1.5840.01 6.98+0.49
40 1.24+0.14 4.5140.014
60 1.00£0.08 2.39+0.33
80 0.69+0.13 1.0140.10

Both cultivars and mixing ratio significantly affected the mechanical damage
of sweet tamarind at the significance level of 5% (Table3) Application of the DWP
requires the knowledge of packaging cost C and packing density (PD). Table 5 shows

the cost of packaging and packing density for different mixing ratio. At 20% mixing

ratio C becomes lowest and PD is maximum in both cultivars while the damage is less

than that of the current wholesale package (0%).

Table 3. Analysis of variance of damage for frequency 4 Hz. as affected by

cultivar and ratio of foam ball and sweet tamarind.

Source DF ANOVA Mean F Pr>F
SS Square Value
Cultivar 1 72.78976333 72.7897633 169.12 0.0001
Ratio of foam ball/tamarind 4 60.64500000 15.16125000 35.23 0.0001
Cultivar*(Ratio of foam 4 30.01885333 7.50471333 17.44 0.0001

ball/tamarind)
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Table 4. Cost of various wholesale packages.

Mixing ratio I:acking den3sity Cost of package
%) (M’ tamarind / €M package) (baht/gram of tamarind)
Si-thong Sri-chompoo Si-thong Sri-chompoo

0 0.51 0.55 0.042 0.039

20 0.42 0.49 0.043 0.040

40 0.32 0.36 0.046 0.042

60 0.21 0.24 0.052 0.046

80 0.11 0.12 0.069 0.062

CONCLUSIONS

Postharvest damage of sweet tamarinds in wholesale packaging are highly
percentage about 22.03% for Si-thong and 29.54% for Sri-chompoo. DWP which is
double face corrugated paper box with foam ball is cushioning material reduce

mechnical damage and extended its shelf life.
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Development of Sweet Tamarind Pod Retail Packaging
By

Dolhathai Rachanukroa' Bundit Jarimopas~ Sher Paul Singh’

Abstract

Sweet tamarind is a popular fruit of Thailand. Sweet tamarind flesh is tastily sweet and
sour and rich of nutrition. The sweet tamarind is nowadays presented to consumers in several
retail packagings. The knowledge of performance of sweet tamarind retail packagings has been
sofar unavailable. The purpose of the present research was then to comparatively test and evaluate
the current and the developed retail packagings of sweet tamarind. Methodology comprised (a)
determination of human dropping characteristics in selected supermarkets, (b) performance test of
the current sweet tamarind retail packagings, (c) performance test of the developed sweet
tamarind retail packaging, and (d) analysis of damage. Two varieties of Si-thong and Sri-
chompoo sweet tamarind were used. Results showed that the maximum and the minimum
damages were with the plastic net and the paperboard box of both varieties. The developed retail
packaging made of single face corrugated paper and foam ball could reduce the damage of the
sweet tamarind pod of Si-thong and Sri-chompoo to about one-fifth and one-third of the related
maximum damage respectively. Packaging cost of the developed retail packaging is highly
potential.

Keywords : Sweet tamarind, retail, packaging
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Introduction

Sweet tamarind is a popular fruit of Thailand. Sweet tamarind flesh is tastily sweet and
sour and rich of nutrition. The sweet tamarind is nowadays presented to consumers by means of
packagings. Fruit packaging is important because the package not only collects fruits in a place
but also protects them from mechanical loadings. Besides, retail packaging also provides utility
and information (Jarimopas, 2006). The retail packaging of sweet tamarind is divided into 4
types, i.e. plastic net, foam tray, plastic bag and paper box (Jarimopas and Sirisawas, 2006). The
damages of sweet tamarind in retail packaging included pod broken, hairline break, stem end
break, and hole. Percent damage of the sweet tamarind in the net, tray, bag and box was 45.8 ,
55.4 , 48.4 and 33.2 respectively, which is high. Jarimopas et al. (2006) demonstrated that the
single face corrugated paper with corrugator turning outside to the fruit (when wrapped)
performed better protection than the foam net. Application of foam ball to mix with the sweet
tamarind was recently shown to reduce the damage of sweet tamarind in wholesale packaging
(Rachanukroa et al., 2006). In order to solve the problem of much damage of the sweet tamarind
in retail packaging it becomes challenge to apply the previous findings to develop a sweet
tamarind pod retail packaging of minimum damage which is, therefore, the objective of the

present research.

Materials and Methods

1. Determination of dropping characteristics in retailers

Observation was made with the supermarkets, which were chosen as retailers, of five big
department stores in Bangkok. The dropping characteristics included height of sweet tamarind
retail package held by a person, number of dropping off holding, height of selling shelf, number
of repeated picking, picking-inspecting height (i.e. the height between the shelf surface and a
commodity while it was inspected). Twenty observations were picked up during 16:00 to 19:00
hour of busy time of the supermarkets. All the data were then analyzed.

2. Drop testing of the current sweet tamarind retail packaging

Sweet tamarind of two varieties (i.e. Si-thong and Sri-chompoo) of uniform size and free
from damage were manually packed by a typical retailer in 4 current 1-kg retail packages (ten

replications for a combination of variety and retail package type) (Fig 1). The retail package was
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brought to the drop test set-up (Jarimopas et al., 2004) and executed the performance test
according to the ASTM standard D775-80. The rest of the samples were tested and all were
analyzed.

Percent damage of the damage type i = Number of sweet tamarind pod having damage
type i/total number of sweet tamarind pod in the retail package.

3. Drop testing of the developed sweet tamarind retail packaging

The developed sweet tamarind retail packaging consisted of the single face corrugated
paper cut rectangular and roll together to get cylindrical sleeve with the corrugator turning outside
(Fig 2). The opening on one side was closed with circular single face corrugated paper. The 15.0
cm diameter and 20 cm long sleeve was filled up with the mixture of sweet tamarind and 5 mm
foam ball (30% mixing ratio) (Rachanukroa et al., 2006). Ten 1 kg sleeves were prepared for each
variety. The previous drop test procedure was repeated and sleeve performance was later on

analyzed.

a) Plastic net

Fig 1 Current sweet tamarind retail packaging
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b) Plastic bag

¢) Foam tray

d) Paperboard box

Fig 1 Current sweet tamarind retail packaging (cont.)



Results and Discussion

Fig 2 Developed retail packaging of the sweet tamarind
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1. Dropping characteristics of a retailing package
Super- Shelf Picking-inspecting Picking Holding Dropping
market height height (cm) number height (cm) probability
(cm)

1. 60 29.2514.26 1.25%0.44 75%7.95 0.05

2. 70 28.2513.63 1251044  80.2515.73 0

3. 100 25.2514.60 1.4%0.50  79.75%4.99 0

4. 80 26.7513.96 1351049  80.25%4.72 0

5. 80 28.2513.63 1.30£0.47  79.75%4.99 0.05

Table 1 Mean and standard deviation of dropping characteristics of a retail package in

selected supermarkets. Table 1 showed statistics of the dropping characteristics of a retailing

package. The average shelf height ranged from 60 to 100 cm. A customer picked up a thing and

inspected it at the average height of 27.5 cm and as often as 1.31 times. After buying, the

customer carried the thing at the average height of 79 cm from the floor with small probability of

dropping of 0.02.

2.

Performance of the current sweet tamarind retail packaging

Table 2 showed damages of the current sweet tamarind retail packaging (CP) after drop
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tests in the laboratory. Regarding Table 1, dropping probability was much less than one. The
minimum drop of a retail package which could be practically performed was one. The damages
included pod broken, hairline crack, stem end crack and hole. Range of the total damages was
between 56.7 and 32.4% which well complied with what was found in commercial practice that
ranges from 55.4 to 33.2% of the same varieties and package types (Jarimopas and Sirisawas,
2006). The maximum and the minimum total damage occurred with the plastic net and the
paperboard box in both varieties. This can be explained that the net is like a fiber. The thickness
of net fiber was also small. Besides, the area of the net touching the sweet tamarind pod was very
small. Therefore, the fruit cushioning is almost none. The sweet tamarind pod at the net surface is
rather free to be hit by any surrounding solids. Moreover, the pods inside the net contacted each
other and were easily moved whenever the pod at the net surface was impacted. This phenomenon
created a momentary chain of contact impact and severe damage resulted. On the other hand, the
sweet tamarind was much better enclosed in the paperboard box. The related mechanical injury
was, as a result, less. The quantity of sweet tamarind damage of Si-thong was smaller than that of
Sri-chompoo, as comparing by package type. This was probably because Si-thong tamarind
exhibited greater mechanical strength than the Sri-chompoo (Jarimopas et al., 2005).

Table 2 Damages of the sweet tamarind pod in the current retail packages subjected to drop test

Damage type* (%) Total (%)
Variety Retail package Pod Hairline  Stem end Hole
type broken crack crack

Plastic net 192436 213+t47 78t42 45122 449110
Si-thong Plastic bag 19.613.1 173149 6.613.6 46119 404110
Foam tray 20.013.1 142%+48  5.913.1 48120  37.5%13

Paperboard box  12.8%4.9 159%6.0 69337  47%21  3247F1.0

Plastic net 25.0145 246145 33121 3815 56717
Sri- Plastic bag 17.613.6 28.4%68 45129 46129 53.8%1.7
chompoo Foam tray 164155 287139 3.0%1.7 24113 482%19

Paperboard box 133157 23.1%72 24%16 34122  41.8%16

* Mean T standard deviation
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3. The performance of the developed sweet tamarind retail packaging

Table 3 showed the performance of the developed retail packaging (DP) in term of
mechanical damages resulting from the drop test. DP demonstrated less damage than CP of the
plastic net did. Quantitatively, the damage of the DP amounted 50 and 42% of that of the CP of
plastic net with Sri-chompoo and Si-thong respectively. Improving the DP by thickening the
package bottom with the 5 mm foam ball from 5 to 20 mm, the total damage could be further
reduced about 50 and 35% in Si-thong and Si-chompoo respectively, referring to the damage of
DP. Table 4 showed the cost comparison of the evaluated retail packagings. The DP is about the
cost of plastic bag or half of the paperboard box cost.

Table 3 Damages of the sweet tamarind pod in the developed retail packaging subjected to drop

Test
Damage type* (%) Total (%)
Variety Retail package Pod Hairline Stem end Hole
type broken crack crack
Si-thong Developed 155129 46125 21F09 21407 18.9%F1.0
Improved 40f13  s2f11 3aF14 26%08  9.7%07
the developed
Sri- Developed  12.7%3.1 149%4.1  14F04 235%13 284%12
chompoo
Improved 62%1.8 92120 28%1.8 208t12 185%1.1
the developed

*Mean T standard deviation
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Table 4 Cost comparison of sweet tamarind retail packagings

Packaging type Cost of Packaging
(USD/kg of sweet tamarind)

1. Plastic net 0.136

2. Plastic bag 0.187

3. Foam tray wrapped with shrink film 0.290

4. Paperboard box 0.400

5. Developed retail packaging 0.195
Conclusion

Drop test was applied to test the retail packagings. The performance in term of damage of
the current sweet tamarind retail packagings resulted the maximum and the minimum damages of
the sweet tamarind pod arose in the plastic net and the paperboard box in both Sri-chompoo and

Si-thong varieties. The developed retail packaging made of single face corrugated paper sleeve

1
and foam ball could give better protection on the sweet tamarind at the amount of about g and

1
— of the maximum damage of Si-thong and Sri-chompoo in the plastic net. Packaging cost of the

developed retail packaging is less than half of that of the paperboard box.
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GGN ANUALMIOTFIND (%)
NIZAY AT IUVOINTY (%)
aniln 15 20 25 30 35 40
1 1.74 1.64 1.53 1.4 1.29 1.24
2 1.81 1.67 1.46 1.38 1.23 1.27
3 1.76 1.65 1.58 1.34 1.25 1.2
Mean 1.77 1.65 1.52 1.37 1.25 1.24
SD 0.04 0.02 0.06 0.04 0.03 0.04
(6\Y 0.02 0.01 0.04 0.02 0.02 0.03

Y Y] 4 [} 4 [ { [} ]
MIWUINT A8 AN YD INZVINHNUNUFAS ¥ Tuus s mnnedanien xi

A 9 9 ] 4 Aa A a A
m’aﬁlﬂwmmmﬁumug{uanm@ 8 aawns YTuasuzuunani 80%

GeN ANUTOMTING (%)
NIZAY OATIAIUVOINAY (%)
gnin 15 20 25 30 35 40
1 7.34 6.92 5.87 4.99 3.94 3.86
2 7.41 6.95 5.7 4.58 3.89 3.9
3 7.3 7.04 6.01 4.75 3.92 3.79
Mean 7.35 6.97 5.86 4.77 3.91 3.85
SD 0.06 0.06 0.15 0.21 0.03 0.06

Cv 0.01 0.01 0.03 0.04 0.01 0.01
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! 9 { [ 4 1 { o [] [l
MINWUINN A9 AUNUINAGVDIVIT TN UNVIBAINWAL THULAZANUHUMUUNTVTTY

A 9 9 ] 4 A A a A
Lll’E)GlGHTV\IﬂJGUH"IﬂLﬁHNWumeEJﬂaN 5 Jaawns Ysuasuzaunani 80%

o ANUAUWHUMITUTTY AUNUNDOVDIVTTYNUN
oA 189U
Yo (%) GV cuu3umﬁmm«) 1N 1anSUNLVINNIN)
(1]
aneq AU aneq ATU
15 0.41 0.47 2.53 2.14
20 0.41 0.47 2.93 2.49
25 0.41 0.47 3.31 2.83
30 0.41 0.47 3.70 3.18
35 0.41 0.47 4.07 3.53
40 0.41 0.47 4.45 3.87
45 0.41 0.47 4.81 4.20
o ANUAUWHUMITUTTY AUNUNDOVDIVTTYNUN
oA 189U
Yo (%) GV cuu3umﬁmm«) (WToansy/nlaniy)
(1]
aneq GELTE aneq ATU
15 0.41 0.47 0.063 0.054
20 0.41 0.47 0.073 0.062
25 0.41 0.47 0.083 0.071
30 0.41 0.47 0.093 0.080
35 0.41 0.47 0.102 0.088
40 0.41 0.47 0.111 0.097

45 0.41 0.47 0.120 0.105
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! 9 { [ 4 1 { o [l [
MINAUING A10 AUNUNABVDIVITYNNWBTIN AL THUIAZ ANV UMITUTTY

A 9 9 ] 4 Aa A a A
ma“lﬂvxlmmmaumug{uﬂﬂan 8 Haawns Ysuasuzuunani 80%

. ANUUNUMUUMTUTTY AUNUNDOVDIVTTYNUN
AINAIU \ \ —~ .
G2 VRNV - VRS @/ TansuuzvIuKIY)
VOINTY (%) - - - -
aned ATBNL aned ATBNL
15 0.41 0.47 2.18 1.85
20 0.41 0.47 2.45 2.10
25 0.41 0.47 2.71 2.33
30 0.41 0.47 2.99 2.59
35 0.41 0.47 3.25 2.83
40 0.41 0.47 3.53 3.08
Y ANUUUWUUMNTUTTY AUNUNDOVDIVTTYNUN
2RNINTIU \ \ . o ome
(G VL 2 TR (vi3eRyanig/nlansy)
VOINTY (%) . - ” -
aned ATV aned ATBNI
15 0.41 0.47 0.055 0.046
20 0.41 0.47 0.061 0.053
25 0.41 0.47 0.068 0.058
30 0.41 0.47 0.075 0.065
35 0.41 0.47 0.081 0.071

40 0.41 0.47 0.088 0.077
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o 4

Y [ < { LY v
MINWUINT AL ANUFeIIRAINIINUNeINNUZENURIEaNe luLTI A M

edaniszinnganineg a szauAlan

szpnanNudenie (%)

ANNTY 5
| Anuan indn dailnuan ’ R 59U
1 16.81 13.4 8.39 6.98 2.72 47.78
2 19.26 9.62 10.79 3.51 2.77 43.77
3 14.17 9.99 7.57 5.22 7.94 44.89
4 14.4 12.72 12.85 4.95 4.41 46.68
5 15.23 13.95 10.08 5.59 3.29 46.79
Mean 15.97 11.94 9.94 5.25 4.23 45.98
SD 2.11 2.00 2.08 1.25 2.18 1.62
Ccv 0.13 0.17 0.21 0.24 0.52 0.04

@

~ = v ] = LY v A 14
ATNNUINN A2 ﬂ'J”I?JLﬁEJ‘Vi"IEJ‘ViaQﬂ13Lﬂ’]_lLﬂfJ'JP\]ﬂiJS‘]J"I?JW’NuWH‘ﬁﬁTIﬁJﬂGLU‘]Jﬁﬁﬂ UN

Q Ll Q

edanilszinngaanineg w szauAan

Uszinnanudenie (%)

ARRLTAEY

Anuan Hndn daflnusn 3 1 59

1 19.7 15.35 11.86 8.33 3.40 58.66

2 17.54 13.27 11.96 10.40 2.80 55.76

3 18.21 15.83 10.55 8.54 3.79 56.54

4 18.66 15.88 12.48 7.63 3.80 58.07

5 20.68 17.66 10.92 5.43 2.95 57.64
Mean 18.96 15.60 11.55 8.07 3.35 57.33
SD 1.24 1.57 0.79 1.79 0.46 1.17

Cv 0.07 0.10 0.07 0.22 0.14 0.02
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o 4

Y [ < { LY v
MINAUING A13 ANUEIMIERAINMIAUINEIHNNzIENURLTANoI U IR AN

= 1 v 9 =
vedaniszannasinszaiy o szaunlan

RN Uszananudsviig (%)
nsEAy  Houan #hd aluan ’ e 59U
1 ; ] - ] ] )
2 12.52 10.36 6.66 3.27 2.24 33.64
3 13.23 9.94 4.41 3.85 3.24 33.95
4 11.28 9.72 5.49 4.35 4.65 34.19
5 12.28 10.43 7.94 2.49 2.60 33.99
Mean 12.33 10.11 6.13 3.49 3.18 33.94
SD 0.81 0.34 1.52 0.80 1.06 0.23
Ccv 0.07 0.03 0.25 0.23 0.33 0.01

@

~ = v ] = LY v A 14
ATNNUINN Al4 ﬂ'J”I?JLﬁEJ‘Vi"IEJ‘ViaQﬂ13Lﬂ’]_lLﬂfJ'JP\]ﬂiJS‘]J"I?JW’NuWH‘ﬁﬁTIﬁJﬂGLU‘]Jﬁﬁﬂ UN

Q Ll Q

= 1 v Y =
vedaniszannasinszaiy o seaunlan

naoy UszanaNuasrie (%)
nszAy  Houan Hndn dailnuan ’ 9 5
1 - - - - - -
2 17.66 10.76 6.56 5.29 3.38 43.07
3 15.67 9.37 9.07 527 4.69 44.08
4 17.01 14.6 6.71 3.77 2.95 43.22
5 14.9 12.99 8.73 4.32 3.01 43.65
Mean 1631 11.93 7.77 4.66 3.51 43.51
SD 1.25 2.32 1.32 0.75 0.81 0.45

Ccv 0.08 0.19 0.17 0.16 0.23 0.01
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o 4
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Usznnanudenie (%)

299118 >
) HAnuan ln3n Pinuan 3 5
1 14.94 28.84 - - 43.78
2 26.61 19.87 - - 46.48
3 19.92 15.69 7.85 - 43.46
4 23.53 21.62 - - 45.15
5 17.07 18.80 8.24 - 44.11
6 18.46 22.31 - 3.86 44.63
7 19.04 26.25 - - 45.29
8 15.83 14.18 9.66 5.14 4481
9 20.36 25.64 - - 45.80
10 16.29 19.55 5.50 4.48 45.82
Mean 19.21 21.28 3.13 1.34 4493
SD 3.63 4.65 4.16 2.19 0.97
Cv 0.19 0.22 0.53 0.49 0.02
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edanilszinnganineg a seauAlan
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ﬂimﬂwﬂanuﬁﬂwwﬂC%)

299118 >
) HAnuan ln3n Pinuan 3 59
1 22.54 25.44 3.84 5.19 57.01
2 23.88 30.71 1.02 2.96 58.57
3 27.01 24.64 2.99 3.20 57.84
4 19.66 25.40 7.86 3.53 56.45
5 29.06 23.38 2.59 3.18 58.21
6 27.94 21.96 1.44 4.85 56.19
7 22.06 20.00 5.57 5.67 53.30
8 20.22 29.37 2.85 1.73 54.17
9 34.16 16.41 1.04 5.61 57.22
10 23.76 29.13 3.36 1.79 58.04
Mean 25.03 24.64 3.26 3.77 56.70
SD 4.50 4.46 2.13 1.48 1.75
Cv 0.18 0.18 0.65 0.39 0.03
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MmN 17 anudemoFnaveilnuzauinuiuganesluussysus
edanlszingananadn a szaudnlan
- szInnANUFeNIY (%)
NAIAAN v
) Hlnuan Andn Winuan 3 5
1 17.01 23.36 - - 40.37
2 19.63 16.18 4.68 - 40.49
3 17.01 11.97 9.69 - 38.67
4 16.26 19.43 - 4.12 39.81
5 21.42 19.12 - - 40.54
6 21.48 11.79 5.69 - 38.96
7 22.27 19.15 - - 41.42
8 25.57 10.08 - 4.99 40.64
9 19.19 16.77 6.16 - 42.12
10 15.77 24.79 - - 40.56
Mean 19.56 17.26 2.62 0.91 40.36
SD 3.14 4.90 3.61 1.93 1.03
Cv 0.16 0.28 0.55 0.42 0.03
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edanlszinngananadn o szaudnlan
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szpnanudeyineg (%)

Qanaadn >
) Hlnuan Andn Winuan 3 5
1 18.77 30.87 3.08 3.49 56.21
2 10.94 22.49 10.03 6.89 50.35
3 15.02 37.00 2.72 - 54.74
4 22.04 17.54 3.80 8.32 51.70
5 18.08 35.75 - - 53.83
6 23.24 22.43 7.05 1.81 54.53
7 17.67 25.84 6.44 5.21 55.16
8 14.70 35.25 1.61 2.71 54.28
9 19.59 23.88 2.89 6.42 52.78
10 15.84 33.30 3.15 1.82 54.11
Mean 17.58 28.44 4.08 3.67 53.77
SD 3.64 6.84 2.94 2.92 1.72
cv 0.21 0.24 0.65 0.64 0.03
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MINHUING A19 ANUAIMBFINaveInuz N NUUGanedluyIs i

wedandsznnoia vy o szdudilan

Usznnanudenie (%)

2@ Tvly >
HAnuan lnd 1 Pinuan 3 5
1 2251 9.85 6.43 - 38.79
2 21.96 14.78 - - 36.74
3 18.73 5.55 7.43 4.66 36.37
4 21.47 13.62 - - 35.09
5 24.43 14.89 - - 39.32
6 17.69 15.16 4.96 - 37.81
7 20.77 16.40 - - 37.17
8 20.93 12.30 - 4.96 38.19
9 13.48 24.08 - - 37.56
10 18.17 15.31 4.90 - 38.37
Mean 20.01 14.19 237 0.96 37.54
SD 3.09 475 3.14 2.03 1.25

Ccv 0.15 0.33 0.53 0.42 0.03
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HUN

130

szpnanuaenie (%)

2@ Tvly >
HAnuan lndn Pinuan 3 5
1 20.4 26.93 3.86 - 51.19
2 5.69 35.56 470 - 45.95
3 16.96 27.88 3.08 1.98 49.9
4 13.61 27.43 3.07 3.48 47.59
5 13.94 32.97 1.80 - 48.71
6 18.02 26.52 - 1.72 46.26
7 20.51 26.43 1.48 - 48.42
8 10.64 33.50 1.49 - 45.63
9 24.44 23.96 - - 48.41
10 20.22 25.37 4.46 - 50.05
Mean 16.41 28.66 2.39 0.72 48.21
SD 5.56 3.90 170 1.24 1.87
cv 0.34 0.14 0.65 0.56 0.04
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M3WLINT P21 anudsmeFinavesilinuzanurnuiuganesluussedus
elandszinmnasanszay u szaudifan
navg 5N NuEere (%)
NILAH Anuan Andn iflnuan ’ 59U
1 18.90 14.18 - - 33.08
2 10.82 21.63 - - 32.45
3 11.10 14.87 5.65 - 31.62
4 15.38 18.58 - - 33.93
5 12.83 7.64 8.16 4.03 32.66
6 23.03 9.49 - - 32.52
7 6.73 23.78 - - 30.51
8 10.01 13.87 8.65 - 32.53
9 10.38 10.49 5.19 5.40 31.46
10 9.16 24.35 - - 33.51
Mean 12.83 15.89 2.77 0.94 32.43
SD 4.93 5.97 3.71 2.01 1.02
Cv 0.38 0.38 0.54 0.45 0.03
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nNaBd UszAnaNuEere (%)
NITAY Anuan Andn ifnuan ] 59U
1 19.00 19.31 1.39 1.60 41.30
2 13.69 23.78 1.06 3.29 41.83
3 12.61 19.23 2.99 7.69 42.52
4 18.64 11.51 5.16 4.82 40.13
5 5.81 34.65 1.10 1.64 43.20
6 7.44 32.06 1.31 1.20 42.01
7 15.47 22.14 2.75 3.60 43.96
8 5.56 30.02 5.13 3.31 44.02
9 21.90 16.77 1.71 - 40.38
10 12.64 21.60 1.37 3.48 39.09
Mean 13.28 23.11 2.40 3.06 41.84
SD 5.69 7.22 1.59 2.16 1.65
Ccv 0.43 0.31 0.66 0.64 0.04
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=
ANTINY (%)

miﬂuum@%
Frodadi WIATAVBIVTTYA U
PNAFURIUAUINANXANNGY (FUALATFUALAT)

9x45 12x40 15%20 18x15 21%12 24x9

1 12.02 8.04 6.81 7.46 6.99 6.74

2 11.16 7.48 7.37 7.70 6.71 7.42

3 11.72 7.49 7.63 7.23 8.08 7.22

4 11.85 7.68 7.88 7.14 7.59 7.07

5 10.71 7.54 8.16 7.01 7.34 7.56

6 11.23 6.99 7.55 6.90 7.19 8.06

7 11.20 7.90 7.43 7.58 7.82 7.00

8 11.49 7.75 7.16 8.18 7.78 7.49

9 10.87 7.11 6.67 7.33 7.11 7.43
10 12.01 7.19 8.04 7.25 6.80 7.41
Mean 11.43 7.52 7.47 7.38 7.34 7.34
SD 0.47 0.34 0.49 0.37 0.46 0.36
CvV 0.04 0.05 0.07 0.05 0.06 0.05
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=
ANTIVY (%)

V359 Iuuuueu
Frodadi YATAVBIVTTYA I
VNAFURIUAUINANXANNG (FUALATIFUALIAT)
9x45 12x40 15%20 18x15 21%12 24x9
1 17.42 13.52 10.37 9.92 9.77 9.21
2 19.14 12.39 9.95 8.86 9.87 10.09
3 19.80 12.60 9.81 9.81 9.31 9.61
4 19.98 11.67 9.72 10.27 9.42 9.73
5 18.79 12.59 10.33 9.55 9.90 8.40
6 17.87 12.00 8.52 9.70 9.21 9.57
7 19.26 12.71 10.01 10.19 9.73 9.87
8 19.31 12.84 10.18 10.08 9.70 8.50
9 19.62 12.39 9.90 9.78 9.89 9.78
10 19.01 11.75 9.38 9.09 10.03 10.25
Mean 19.02 12.45 9.82 9.73 9.68 9.50
SD 0.82 0.55 0.54 0.46 0.28 0.62
CvV 0.04 0.04 0.06 0.05 0.03 0.07
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MINHUING A25 ANUFIMIBFINaYe NV VINHNUNUGATEUY TuUTI AN

= d' v ) &' LY Qﬂl/
vetaninau vl mamiwﬂmmmmmiuumm

=
ANTIVY (%)

miﬂuum@%
Frodadi YATAVBIVTTYA I
VNAFURIUAUINANXANNG (FUALATIFUALIAT)

9%45 12x40 15%20 18x15 21x12 24x9

1 16.92 14.56 10.67 9.71 10.48 10.84

2 17.51 15.04 10.66 10.90 10.59 9.83

3 17.77 14.37 10.83 10.65 10.67 10.44
4 17.00 14.60 9.98 10.34 10.81 10.31

5 16.50 14.69 11.04 10.99 10.32 10.86

6 17.78 13.97 10.70 10.32 10.17 10.50

7 17.16 14.44 10.51 11.21 10.01 10.68

8 17.38 14.84 10.21 9.81 10.91 9.85

9 18.03 13.73 10.47 10.50 10.6 10.30
10 17.32 15.15 10.92 10.73 10.28 10.51
Mean 17.34 14.54 10.60 10.52 10.48 10.41
SD 0.46 0.44 0.32 0.49 0.29 0.36
Ccv 0.03 0.03 0.03 0.05 0.03 0.03
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=S
ANULEINY (%)

V359 Iuuuueu
Frodadi YATAVBIVTTYA I
VNAFURIUAUINANXANNE (FUALATIFUAIAT)
9x45 12x40 15%20 18x15 21x12 24x9
1 30.46 23.47 19.28 15.74 16.08 15.77
2 29.76 22.59 18.25 15.31 15.87 15.43
3 29.20 23.67 19.62 15.86 15.63 15.10
4 28.94 23.18 16.88 16.19 15.55 15.28
5 29.23 20.66 18.9 15.25 15.61 15.63
6 29.30 23.15 18.15 15.64 15.30 15.32
7 28.61 25.25 18.87 15.82 15.48 15.70
8 28.06 23.12 17.91 17.27 15.59 14.99
9 30.39 23.78 19.15 14.83 15.09 15.36
10 29.67 23.00 18.46 15.74 15.08 15.53
Mean 29.36 23.19 18.55 15.77 15.53 15.41
SD 0.75 1.14 0.80 0.65 0.31 0.25
Ccv 0.03 0.05 0.04 0.04 0.02 0.02
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MINAUING 727 AUNUUIIPP ANV anUZVINHNY

a I 4 = [ 4 a [
FUAVOIVTIPAUNY AN IIAVITYHUN (U IN/A Tansu)

ONRATRE 5.44

ANULRLEN! 7.48

218 19y 11.60

NADINTLATY 16.00

[ 4 = d‘ @ ]

vssynanelanuznuENURRaLN lril 7.80

Y o o b gy o '
ﬂ1§1ﬁwu3ﬂﬁ 28 ﬂmﬁﬂﬂmgﬂ’lﬁ15]ﬂﬂ]@ﬂﬂiiﬂﬂm“ﬂﬂ%m’lﬂﬂﬁ’lucﬁﬂqﬂEl]'lﬂﬂ'liﬁ\ilﬂﬁb’h‘lig“ﬂ'ﬂ\i

1721 16.00-19.00 119¥N

9
4 o o
y1los ANUFIVOY  ANUFIVEY  VIUIUATIVEY  AWEN Tomalu
J 3 3 9 = dy = dy A A
U1ILNA “Ifl.!’]NWﬁhlﬂJ NI1ILADNED NI1ILADNED UBINTIDND N1IDOAN

(HUALAT)  (IFUANAT)

1 60 29.25 1.25 75 0.05

2 70 28.25 1.25 80.25 -

3 100 25.25 1.4 79.75 -

4 80 26.75 1.35 80.25 -
5 80 28.25 1.30 79.75 0.05
Mean 78 27.55 1.31 79 0.02
SD 14.83 1.57 0.07 2.25 0.03

Cv 0.19 0.06 0.05 0.03 1.37
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msnwmnﬁ 129 ’ﬁ‘JJ‘]JGI'I/]'I\?ﬂWEJI‘I'IWGU’E'NiJg"U'IiJW’)'IH'E’JHUl@LLﬂ HINUN ATUNIN AU

Y
ANUDIVUNIE ANUNIU uazmwu%umamzmmmmﬁuﬁﬁmm

AUIANIIMENN
o ﬁymﬂ’n anunde Anwem RIeRtY ANUN U mm%yu
e IAN! 5 . . ' o . .
(M3Y)  (Uaawas)  (Uaawag) 029 (@MUK  (%guitlon)
UNE

1 34.02 26.62 111.26 0.73 10.68 19.55
2 40.06 27.05 112.49 0.69 11.63 18.76
3 37.14 26.5 110.21 0.75 11.74 19.24
4 35.60 27.15 121.09 0.6 12.41 18.56
5 27.85 26.38 100.94 0.74 11.62 19.7
6 49.23 28.46 104.53 0.77 12.49 18.82
7 37.02 27.84 117.98 0.82 11.14 18.45
8 36.06 26.13 100.2 0.63 10.69 19.03
9 40.83 28.03 109.04 0.64 12.78 19.21
10 29.31 25.46 103.14 0.57 10.8 19.06
11 34.70 26.71 104.81 0.66 12.54 18.64
12 43.56 28.13 126.91 0.7 10.92 17.97
13 29.52 27.98 112.42 0.67 10.28 17.88
14 28.39 26.02 119.41 0.84 12.47 18.5
15 30.06 24.59 88.25 0.63 11.65 17.91
16 34.07 27.73 112.63 0.52 11.39 19.12
17 42.69 26.96 121.34 0.59 10.75 18.87
18 28.62 28.45 105.65 0.74 11.64 19.3
19 33.53 28.34 107.11 0.72 11.29 17.14
20 35.78 28.68 124.29 0.81 11.77 17.53
Mean 35.43 27.16 110.69 0.691 11.534 18.662
SD 5.78 1.12 9.43 0.09 0.73 0.68

Cv 0.16 0.04 0.09 0.13 0.06 0.04
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Y
ANUDIVUNIE ANUNIU LLazmmsﬁumamzmmmmﬁuﬁﬂ?%ug

AUTANIIMENN
o 1§I1Wﬁﬂ ANunde Anwuen IR AU mmﬁ‘:u
e IAN! 5 . . ' . .
(M3Y)  (UaawAg)  (Waawng) 0729 (@IMUING)  (%gulen)
DUNE

1 24.2 21.23 121.6 0.67 10.61 18.75
2 16.85 18.97 110.05 0.68 10.07 19.06
3 13.71 20.95 101.91 0.67 9.01 18.12
4 24.15 2191 135.89 0.64 9.73 18.6
5 22.51 21.76 109.58 0.69 10.65 19.41
6 20.57 21.45 95.54 0.59 10.2 19.08
7 17.5 22.14 107.76 0.65 8.78 18.14
8 17.08 20.37 97.13 0.65 9.55 18.52
9 19.31 22 108.14 0.62 10.47 18.93
10 21.54 21.12 112.67 0.7 8.96 16.98
11 17.69 20.56 97.7 0.61 9.48 18.57
12 16.7 20.71 93.78 0.73 9.36 18.32
13 19.68 20.42 112.44 0.57 9.78 17.9
14 26.5 22.08 123.72 0.66 10.11 18.88
15 21 21.75 119.65 0.62 10.04 19.02
16 21.75 21.27 123.54 0.68 9.53 18.39
17 17.98 20.4 108.52 0.65 10.99 18.75
18 17.47 19.58 109.73 0.77 9.1 17.84
19 16.91 20.66 107.36 0.52 10.01 19.11
20 26.04 23 133.88 0.59 10.8 17.68

Mean 19.96 21.12 111.53 0.64 9.86 18.50
SD 3.46 0.90 11.87 0.06 0.64 0.59

Cv 0.17 0.04 0.11 0.09 0.07 0.03
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! vAa [ 9 (Y 9 Y [
MINUINN A31 auianamenmasanzaurNuduldun SatanuIasvesiln el

Y 1 9 v Y 1 o) o I
ﬂ’J"IllI‘ﬂQﬁ'JHL'J'] uag 'iﬁllﬂ:l"lllI‘ﬂ\?ﬂ'!l!Hum@QNﬂNSmTNVHWHWHﬁ‘ﬁWﬂQ

WuRanes
A10819 S Idsvesiln  Seliaowldsdand  Selianwldsdauyu
(Haawns) (Haawns) (Haawns)

1 54.9 6.8 14.8

2 42.6 4.5 11.6

3 52.0 5.5 10.8

4 42.4 3.7 11.1

5 41.9 3.6 12.5

6 43.3 5.6 12.8

7 44.4 6.4 11.5

8 42.3 6.3 10.2

9 45.0 6.1 10.0
10 36.1 5.7 11.2
Mean 44.5 5.42 11.7
SD 5.34 1.11 1.42

Ccv 0.12 0.21 0.26
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! vAa [ 9 (Y 9 Y [
MINUINN A32 auianamenmasanznurNuduldun SatanuIasvesiln el

Y 1 9 v Y 1 o) o A
ﬂ’J"IllI‘ﬂQﬁ'JHL'J'] uag 'iﬁllﬂ:l"lllI‘ﬂ\??TTL!Hum@QNﬂNSmTNVHWHWHﬁ‘ﬁTHNQ

WugAs g
A9819 Saiamidwesiln  Seliaowldsdand  SatianuIdeduyu
(Haawas) (Haawas) (Haawns)

1 80.9 9.3 10.7

2 75.1 10.4 11.2

3 68.9 9.3 13.3

4 77.3 8.7 11.6

5 75.4 7.3 12.4

6 72.0 9.00 11.2

7 78.1 9.9 11.4

8 85.3 11.4 11.9

9 68.7 10.8 13.1
10 72.4 9.4 12.3
Mean 75.4 9.6 11.9
SD 5.24 1.16 0.85

cv 0.07 0.12 0.07
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4 va Aa a 1 LY v
msnwmnﬁ 33 ﬁMUﬁL%QﬂﬁUiL’JﬂJﬁ’JHHHﬂJ@QNﬂiJSﬁ"ll'liJW’ﬂuwu‘]jﬁ‘ﬂ’fN

dauuummaaummmmm

PGIAN usafivilduan manlaeugiiigauan ANVFY
(HIAY) (Hadwas) (HIAU/Uaauag)

1 35.66 0.83 66.88
2 24.81 1.67 57.23
3 37.07 0.83 61.78
4 38.22 0.83 95.58
5 38.95 2.02 50.83
6 39.47 2.12 56.38
7 34.69 0.83 65.06
8 28.88 0.42 78.73
9 30.60 0.83 65.57
10 21.31 0.83 42.60
11 22.69 0.42 11.35
12 27.73 0.83 46.22
13 27.46 0.83 58.86
14 20.00 0.83 37.50
15 27.50 0.83 41.25
16 26.40 1.06 79.20
17 22.98 0.42 62.64
18 28.26 0.42 84.80
19 26.00 2.08 27.86
20 28.65 2.08 40.95
Mean 29.37 1.05 56.56
SD 6.03 0.59 20.13

Cv 0.21 0.56 0.36




143

4 va Aa a 1 Y LY v
ﬂ1§NN‘L!'Jﬂﬁ 34 anummﬂamnmmummmNﬂuzmmmmwuﬁmm

dauﬁwmaaummmmm

PGIAN usafivlduan manlaeugiiigauan ANVFY
(H9U) (Hadwas) (HIAu/Uaamas)

1 15.05 1.67 22.60
2 19.15 1.25 27.38
3 16.40 1.25 35.14
4 17.94 1.07 53.80
5 18.29 0.83 3431
6 16.01 1.25 24.00
7 17.41 0.83 30.71
8 18.82 1.25 29.74
9 13.70 1.67 20.55
10 20.62 0.83 44.21
11 20.37 1.25 32.16
12 17.64 1.67 13.23
13 16.16 0.83 34.64
14 21.10 1.25 12.66
15 14.64 1.25 43.90
16 22.14 1.25 31.62
17 23.52 1.67 24.34
18 15.02 1.25 23.74
19 22.46 0.83 44.93
20 18.75 0.83 43.31
Mean 18.26 1.20 31.35
SD 2.80 0.30 10.86

Cv 0.15 0.25 0.35
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4 va Aa 1 v
ﬂ1§NN‘L!'Jﬂﬁ 35 fcmmmmﬂamuu‘iumamzﬁummmwuﬁﬁ%ug

dauuﬁumamaummmmm

PGIAN usafivilduan manlaeugiiigauan AN
(H9U) (Hadwas) (HIdu/Uaamas)

1 11.52 0.83 18.21
2 14.84 0.83 37.08
3 19.31 0.83 32.17
4 13.47 0.83 33.67
5 16.50 1.96 38.08
6 15.80 0.83 47.40
7 18.70 0.83 43.15
8 17.59 2.63 18.21
9 17.63 0.83 52.90
10 11.72 0.42 29.33
11 17.64 1.25 29.39
12 10.73 1.25 24.77
13 13.39 1.25 20.10
14 10.58 0.83 22.64
15 13.92 1.25 26.13
16 17.72 0.83 29.56
17 18.52 0.83 37.20
18 10.70 0.41 24.69
19 9.90 1.25 18.56
20 12.27 0.83 30.67
Mean 14.63 1.04 30.70
SD 3.18 0.51 9.76

Cv 0.22 0.49 0.32
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4 va Aa 1 v J
ﬂ1§NN‘L!'Jﬂﬁ 36 mmmmﬂamm%}wmmmmmwuwu‘n;ﬁ?ﬂmg

dam%’wmaaummmmm

PGIAN usafivlduan manlaeugiiigauan AN
(H9U) (Hadwas) (HIduU/Uaamas)

1 7.00 1.67 5.53
2 491 0.42 14.71
3 4.95 1.25 7.84
4 2.71 2.92 2.70
5 3.06 2.08 4.60
6 4.67 1.67 6.67
7 6.45 0.83 12.93
8 2.32 1.89 2.30
9 342 0.42 7.36
10 2.34 0.41 0.78
11 4.53 0.42 11.33
12 6.52 1.67 7.00
13 4.38 2.08 3.54
14 6.58 1.25 13.13
15 5.26 1.25 7.90
16 2.57 1.25 3.21
17 6.46 0.42 17.64
18 4.22 1.25 6.68
19 6.79 1.25 11.33
20 7.82 0.42 23.50
Mean 4.85 1.24 8.53
SD 1.73 0.70 5.73

Cv 0.36 0.57 0.67
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d‘ Y Y J a = A=
ATNNUINN A37 YARNNUUDIVITY m"V]ﬁUWEJ‘]Jﬁﬂ %QU??@@J%%WNW’NUWH‘Q@'W@Q

a a a

FIAYDIUTIPNUI  ANUFL11BVDS AUNUVDY 1dunU
YUK m:ﬁ;ﬁ’mcﬁ (??uu*sﬁ;ﬁmcﬁ/tﬁau)
(nlansu) w/nlansy)
91918 0.45 5.44 363
QPINAIAAN 0.40 7.48 364
210 vl 0.38 11.60 455
NABINTZATY 0.32 16.00 536
ussyfuRedan 0.07 7.80 205
N vl

Y

Y Y J = : 4
ﬂ1§1ﬂwu3ﬂﬁ A38 AAUNUUDIVIITY wumnvrean %QU???N%WWNW’NUWH‘Q?‘?%NQ

q q a

FAAVDIVTTYNUN  ANFIIBVDN AUNUVDA 9NN
VKN UFTYNUN (Gﬁuuaﬁﬁ;ﬁmcﬁ/gﬁau)
(nTansw) @m/nTansw)

NRETRE 0.57 5.44 625
aNAEAN 0.54 7.48 697
2a vy 0.48 11.60 910
NABINIZAY 0.42 16.00 1396
UssyiuaivIeLan 0.11 7.80 254
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R YR ESTRY




147

! 9 1 a [ @ 4 1 v Y
ﬂ1§NN‘L!'Jﬂﬁ n39 ﬂ’JulﬂllﬂTI/]Nlﬁi‘Hﬁﬂi]GU’E'J\1ﬂ’)'lll’ﬁll‘wu‘ﬁigﬂ’ﬂx‘]ﬂ’ﬂmﬁﬂﬁ1ﬂﬂﬂﬁuﬂu

@ 4 = v A
mii;mucmjmﬂaﬂmmmmmmmwu‘qﬁmm

siupuussydast  Aanudemoding AunuveIuITYUN Fulszang

Meian (%) @ m/nTansy) M3 95 Toal
NRATRE 44.93 5.44 0.10
aNAAAN 40.36 7.48 0.08
2@ lvly 37.54 11.60 0.05
NABINTTAY 32.43 16.00 0.04
vssyfusivelani 7.47 7.80 0.12

o vy

$ 1 a v o 7 1 @
ﬂﬁNW‘Mlﬂ‘ﬁ 140 ﬂ’NﬂJé}iJﬂW]N!,‘ﬁ'i‘Hﬂﬂi]GUfJ\1ﬂ’NiJﬂ'iJ°INu‘ﬁ‘i%‘l’iﬂ\‘lﬂﬂmaﬂﬁmﬂﬂﬁunu

@ J = v A
Uiﬁﬂﬂﬂ!m"ll'lﬂﬂaﬂm@ﬂumeNﬁ?WUWHﬁﬁﬁ%Nﬂ"

4

sluppuIsydast  Aanudemoding AunuvesuITyuN dulszans
1e1/an (%) @w/nTansw) 35 Tewd
NIRETRE 56.70 5.44 0.08
PINAETAN 53.77 7.48 0.06
2@ Ivly 4821 11.60 0.04
NABINTZAH 41.84 16.00 0.04
vssySaaineland 10.60 7.80 0.11

wau v
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