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Abstract

The objective of this research was to evaluate cushioning material from rice straw in order to
prevent mechanical damage of fruit. The three types of mechanical damage, i.e. impact, compression
and vibration, were tested with Fuji apple fruits size no. 80 and 100 in this study. The eight types of
protection, i.e. non protection, foam net, and rice straw cushioning material thickness of 2, 3, 4 mm.
(type strip cutting and type no cutting) were test with ballistic pendulum technique for evaluate
potential of protection of rice straw cushioning from five level of impact energy. The result indicated
that the cushioning material from rice straw at the thickness of 4 mm. with strip cutting is the best
protective material for apple fruits. The highest bruise resistant of apple size 80 and 100 are 656.53
and 380.64 mm3/joule respectively. For the compression testing, the universal testing machine
(UTM) was use to compress the apple fruits with the eight types of protection like the ballistic
pendulum technique. The compression speed of 2.5 mm/min was applied to apple fruit until rupture
point. The energy absorption in each condition was evaluated from the force — deformation graph.
The result of this test indicated that rice straw cushioning material at the thickness of 4 mm. without
strip cutting has highest energy absorption of 8.61.for apple size 100 and that rice straw cushioning
material at the thickness of 4 mm. with cutting has highest energy absorption of 12.76 joule for apple
size 80. For vibration testing, comparison of rice straw cushion packaging and traditional packaging
(polystyrene foam packaging) was investigated with the vibration simulator base on ASTM D999
method A2 standard at frequency of vibration of 4 Hz for 1 hour. Fruit damage (bruise abrasion crack
i.e.) in terms of total damage was evaluated.-The results showed that apple size 80 had total damage
of 17.50 and 22.92 percent for traditional and rice straw cushioning packaging, respectively. Apple
size 100 had total damage of 11.33 and 14.67 percent for traditional and rice straw cushioning

packaging, respectively.
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P L < <
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ATZAENUANUHUI 2 mm 199 d 200 A5Y ANMUKUT 3 mm 1FvadD 250 ATY ALK 4
mm 15vadU 300 N5 HaZAMUKUT 6 mm 19v9dU 400 A5
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5. MINWRe g utNEUMTLHUUAZIN T Ianuaa BNTLAINIA NN
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3.2.2 MmInaaauanuansalumsUneswaneuitlafeIzannszunn (drop test) 3
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FAULUMTAIY
~ v o D) P A o g ~ &
1. mawseuiagnunszunnanyein Taeldnszamivh 1 luduaeui 3.2.1 Falu
X Y] Y Ao VY A ~ o
Manaaedtoylenseaurhesdnnianuru 2, 4 uay 6 mm veruwauolianSeumeuny
warolitlanawaznaueditlanvedrsaivie T
' Y
2. MMIAsIEUanYAUENIINeNInIratelila Tagriinssainmiin Jauuia

9 P H f Y
D__ D_ 1aganuge wisuninsnaeusesdiniiuineunisnaass lunsnaaesilag1d
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3. Mmsnaden Tagn1sllaosnnnssuNALULDATENANEN 25, 50 1AZ 75 cm NTZA

Y
ANNGIAL 15 B

v
a 9 S

- vo 45 [ P ' :
4. smsdsziiulSunasslaenaeddla’ld 12 3T Aguugidessinmsnadevil

U
= o

% a1 o Y I 2 FI o a 5
‘wamu“lumiﬂizgmﬂumqmﬂwmumwﬂmmwmﬂu (51 3.5) dmmsilsziiugesn
LU full depth (Sattveit, 1984) agtaad luguns (3.1)

Td ,
BV:_(3W1W2+4d > 3.1)
24

1 Y
Tagh BV 7915119350891 (mm)
A = H
d ABANNANITDYF (mm)
Y
w, ADANUNANITDITIATUNUNAD (mm)

9
W, ﬁﬁ]ﬂ’ﬂllﬂ'?NiﬂfJ“]f'lsU’JNLLﬂui@\‘I (mm)
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dmsundanuannszunnansam laanuaveswaueilitla tazszozaugea

uanaluaums (3.2)

E=mgh . (3.2)

Tagh E Aondsnuannszunn ()
m Aeyavesnateitla (kg)
A A Y 2
g APANMITUHUD9NUTI TUNDI (m/s)

h AnszezaNugannaueitlaan (m)

(%

= 3 a
q5;1]‘1’] 3.5 anvazmsnvednatethitlannmsnszunn

3.2.3 managauanumsalumsinifesnareilitladeds Ballistic Pendulum 3353
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N
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1. mawseuiggnunszunnanyedn Tagldnszawnvi 1 luduaoui 3.2.1 &alu
2 D] Y Aa A P}
M5nAaedlaz lenszayhalnNTa UKL 2, 3 uag 4 mm (Hesnnmsnageuluve 3.2.2
[ Al A (= [ o v 3 Qy
nunanuansalumsinilenausiitlai 4 uay 6 mm lulianuuana1any) nudailuzo
LN} Qs} { 1 a % =Y 1 a { 1
uaz ludasa (31 3.6) veuwanelitlanSeuifsununaneldanldwaznaneilitlanviedas
RURTARTEY
a o QII %I % U
2. MMsasaevansaznemenmssnauelitla Tagrmimssaimin Javuia
Y g‘z ?,’ Ao ' g Y
D,, D, HazA2INge WIouNnINao o NuuINeunIsnaasd lunsnaaeaiiaz 1y

v 9 v
ueilitla 2 vuade 1wes 80 wazwes 100 FvlHueilitlalumsnaaeunaau 450 wa
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3. NMINATOUMINIZUNNAYIATDINATDUNINTZUNALUUY Ballistic Pendulum N
@ é‘ d' dl o a 4 o A
Warnay (319 3.1) awiuuziilas ganad (2550) Tagmmuayulumsnszunnae s, 10, 15,

A I Yo [ 1 [
20 waz 25 09e 1o 19 lasuwasaulumsnszunnegluss 0.262 -3.114 9a
Aa H 2 a { a 4 ¥
4. himsiszduifsunass Taenwoilitlal3nguugiiies 24 su. e ldsess1vea
v v Y

wedlatnamsnlasud suedilanaausnanlaunszunn Iagrvuuunuvlvedusililaia

9 H 4
AN azANUENT0eT (37 3.7) 1d2111511AIHIRIBEUNT (3.3) (Chen and Sun, 1981)

T,
Bv=—wd .. (3.3)
8

~ A Y 3
Iﬂﬂ‘ﬂ w ADAINUNINTDYT (mm)

A = H
d A9 ANUANTDYYL (mm)
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5. ﬂ’]ﬁ')kﬂi’lgWWﬁ\‘]\ﬂUﬂﬁgL!ﬂﬂllazwaﬂq']u%ﬂﬂ%ﬂﬂl@qWall@ﬂlﬂa ﬁ1u1iﬂﬂ1llﬂ‘ﬂ']ﬂ

ANHAULNNMINTNUBUATOINATOUAILTAIIUN NN 3.8

Simple Ballistic Pendulum
LSS S S AN S S S S S
I , —

hl h —E/ HEINITZUNN e/
2 |
* , L H‘nmzmztmn - /’_‘\1
1 R TEARG ‘ — ¥

fn: gAnAd (2550)

d' a 4 [ 1 Y o dy
inﬂllﬂ’ﬂzl!,ﬂill (gﬂ‘ﬂ 3.8) ’ﬁ'lll'liﬂ’JLﬂﬂS‘VWﬂWﬁN'mWNG]U],ﬂ JU

[ Aq 19 ¥ . A v .
1. wasun a9 (input energy) H30 WAINIUANTZUND (impact energy)

IE =mgh, = ng(l-COSGi) .....(3.4)
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2. WAITUAUNGY (recovery energy)
RE= mgh, = mgR(1-COSOR) (3.5
3. WEWIUYANAY (absorbed energy)
AE = IE-RE
=mgh, - mgh,
= mgR(1-C0S0) - mgR(1-c0S0,)
= mgR(C0sO, - cosB) ...(3.6)
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3.2.4 mytianuaznagelaanunszunamaluussaamunegas Tumswanndagnu
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wedilalasiasmsa i uaIuaail
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a @ J 1
4. manageuanuaunsalumsinifeswanelitlaluussydusinedddldgns
Y o A ° v a o A A1 Y
nadounelddnzmsdudziiouiiaos (Tuma, 2549) Tagviimsussywaneiidanvedy
Y] T A A 9/ o (% J 2
areae Trluasuunai Ty wazmiadenszarhed Tagiimsnadouussyiusiaz 3
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nutedatues 8o uaz twes 100 ﬁﬂﬂmgﬂTiﬂﬂﬁﬂﬂtlﬁﬂﬂiugﬂﬂ 3.10
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dy 3
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ANUTINYITINNNAVUN VKAL) 1T a0 LlieINT 08000 N 5083 Glfxi?ﬂvl,ﬂi]'lﬂﬁllﬂ'li (3.7)
A
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NF
TF =—X100%

NP
{ 3
Taeh TF AonlosiFudanuidenesiy (%)

A o a_ A a =
NF Aot uauravelitlannannuiaaring (Wa)

A o a g [ 4
NP Aosnukatelitlaninualunssynuad (wa)
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‘H1ﬂi$ﬂ1‘ﬂiﬂﬂ‘1/‘h\ﬂﬂ’)‘1/]\1 4 AU mmiw"lmum 6 X 24 1BUNUNT LWEJTH]%?HiJTii‘IW'EJKﬂJ

warelitlaldwed sedmsunadeuauagnlunisdnieswaneiitla
4.2 MmanaaauaNNaIalumsinileswanesilitla

4.2.1 anvazmMamamnvadauailila
wamsnaaouanyaznIamenIwuaaelitlavaasluaisian 4.1 Tagnsiavuia

' a a 4 J 4
nazgiinveweiila ueiitlanldmadeuii 2 vuia Av WD 80 uaziwes 100

A15197 4.1 anbauznmenmvosrateoitla

ﬁﬂ‘]slﬂ!%"ﬂﬁNﬂﬂ]W lﬂJ’E]g 80 L‘]JE]% 100
mumﬁumuquﬁﬂmqqaqﬂ (mm) 78.92+1.80 78.9243.27
mumﬁ'uwﬁuque‘fﬂmqﬁwqﬂ (mm) 50.49+2.55 48.1243.00
ANG (mm) 67.77+2.30 64.47+3.42
Ymin (g) 197.79+5.24 168.62+12.70

A 1 a g’; =~ 9 1 4 A
AINAITNN 4.1 W‘]J’J"INGLL’EJ‘]JL‘]J&VNET?JQﬂJHWﬂ?JGUL!"IﬂLﬁL!NWH@H&JﬂﬁNQ’Qﬁﬂ%Nﬂ”I

Q

TIndifeadumiy  78.92+1.80 taz 78.92+3.27 Naamas dmsuueditlawes 80 uaz 100
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o w ' 1 4 ° 2 @ a J ' 14
ATNANY ﬁ?ﬂlﬁﬂﬂ?ﬂﬂﬂﬂﬂﬁ?ﬂﬂ'lgﬂ AN Wininuazuelitawes 80 awimunues 100
A [ = A 1w o 9 ao’ o Al A T A I'4
FHANNUITITAUNUIHIANNINULAS NI UANTTUITIIAIYUINUN welitlafwalannne 1wo3

80 %Qﬁﬂﬂﬂﬂﬁﬁ}ﬂﬂﬂﬁmﬂg 100

4.2.2 HAYDIMSNATOUAIEIBANNSZN (Drop Test)
< 91 1 a2 2 1Y Aq ¥ 1
VInHamsnagevIziiu 1a1 A1lSuiassesd szauanugeilslacs nag
(% = v o Jdo 1 A da! (% 2 g
WAL NTZUNNRANNFNNUTAY Tasm1nNugaigary wasnunszunniazUSuassesdn
3 = ' v o o & <
gayuaw ldre uantivnmsnaaes idlu ldawanuduius vedidlanlFlumsnagomilu
4 1 { @ { o v
WA 100 Tasaimsnadoui laudanin1s 19 4.2-4.6 audey

v ' %l o 1 [
A1519N 4.2 mﬂ?mwﬁ@wmazwawmﬂ'mmﬂﬁummsmﬁammﬂmﬁaﬁwaﬁ’u

Q

FLAVANNGY
Ve A 25 cm 50 cm 75 cm
faun y y §
WSassesth  wasanu PSumssests  wasu Swassesth  wasnu
(mm”) AsZuNn (1) - (mm’) n5ZuNn () (mm’) nszunn ()

1 1377.54 0.36 4308.47 0.68 3668.86 1.11

2 2087.92 0.41 3080.07 0.67 6204.12 1.19

3 1387.54 0.36 3274.19 0.73 3822.80 1.11

4 2601.24 0.39 2122.41 0.68 5443.33 1.25

5 2068.74 0.40 2794.19 0.69 6895.14 1.12

6 2488.14 0.44 2681.35 0.81 4386.38 1.20

7 2042.76 0.37 4152.79 0.74 5510.62 1.02

8 1603.52 0.38 3141.33 0.76 2092.30 1.13

9 1837.31 0.40 4329.51 0.80 3902.45 1.08

10 3008.60 0.37 4241.15 0.80 3976.08 1.20

11 2367.91 0.40 4238.47 0.69 5157.58 1.10

12 2431.59 0.39 3828.29 0.73 2286.56 1.10

13 2873.38 0.36 4067.51 0.75 6895.14 1.21

14 2375.04 0.38 3899.76 0.74 4968.89 1.11

15 2205.40 0.39 3738.63 0.71 3429.70 1.10

Mean+S.D.  2183.8+488.3 0.39+0.02 3593.24697.0 0.73+0.05 4576.0+1475.8 1.13+0.06
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{ 1 H o ] ]
A1519% 4.3 ﬂTlri3J1@336&%1&'@31"!@1\1\111“138&!,1/]ﬂ‘lJ’E'Nﬂ"l3ﬂﬂﬁﬂﬂllﬂﬂﬁ@ﬁmﬁﬂﬂﬁﬁﬂﬂjwm

FLAVANGY
s o A 25 cm 50 cm 75 cm
aAaun
Wiessestn W PWinessestn  waanm Pinassestn e
(mm) aseunn ) (mm’) aszunn () (mm) nszunn (J)

1 770.74 0.39 3668.86 0.75 2318.50 1.05

2 1422.62 0.41 1884.82 0.78 3731.56 1.08

3 409.98 0.38 3668.86 0.70 3190.65 1.02

4 583.68 0.40 1880.18 0.74 3509.49 1.11

5 1193.18 0.39 2205.40 0.73 6057.25 1.10

6 1113.31 0.35 2875.87 0.81 1541.41 1.08

7 212521 0.40 2942.23 0.71 3668.92 1.08

8 1030.87 0.38 2261.95 0.68 3646.21 1.06

9 1113.31 0.42 1583.36 0.79 3506.90 1.05

10 741.32 0.39 2730.83 0.82 6895.14 1.16

11 922.45 0.35 1758.96 0.69 2528.72 1.06

12 1081.49 0.35 2318.56 0.69 3098.08 1.16

13 909.03 0.35 1880.18 0.73 6414.09 1.13

14 1086.86 0.38 3011.22 0.74 5358.51 1.04

15 917.38 0.40 2082.88 0.74 4758.47 1.12

Mean+S.D.  1028.1+394.0 0.38+0.02 2450.3+667.2 0.74+0.04 4014.9£1561.9  1.09+0.04
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{ 1 %‘ g :
A1519N 4.4 ﬂTlri3JW]ﬁi@ﬂﬂf”lllﬁ%Wﬁ\NTUﬂi&mﬂGIJ’iNﬂ"lSﬂﬂﬁﬂﬂllﬂﬂﬁ@ﬁmﬁﬂﬂﬂi$ﬂ1ﬂ

Y19917%111 2 mm

FLAVANGA
o o A 25 cm 50 cm 75 cm
AAUN
B 1nAsseem WA B 1nAs5009 WAIU Binassess WA
(mm’) nszunn () (mm’) nszunn (J) (mm”) nszunn (J)
1 1979.86 0.42 3506.90 0.84 5358.44 1.33
2 1529.87 0.43 770.74 0.84 6544.59 1.30
3 917.38 0.41 3506.90 0.87 5251.92 1.25
4 1886.95 0.41 3990.64 0.87 3149.05 1.32
5 2716.17 0.46 1988.56 0.81 7379.60 1.19
6 197.99 0.45 4329.44 0.88 5726.08 1.31
7 177.89 0.45 3141.33 0.85 7481.67 1.23
] 917.38 0.42 4238.34 0.79 7131.59 1.30
9 2802.02 0.45 2789.80 0.82 7135.67 1.24
10 153.74 042 5160.59 0.89 4440.48 1.24
11 3149.05 0.44 2924.79 0.88 7634.07 1.35
12 2318.50 0:41 1775.10 0.82 4895.65 1.35
13 1731.80 0.42 3745.83 0.93 6661.42 1.25
14 2488.14 0.45 2354.36 0.90 5603.23 1.27
15 1086.79 0.46 4241.15 0.82 5581.24 132

Mean=S.D. 1603.6+£997.1 0.43+0.02 3231.0+£1157.0 0.85+0.04 5998.3+1288.2 1.28+0.05
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25 cm 50 cm 75 cm

SdR B wasw  dSwasses wasnu 5uesses WAl
5009 Aszunn 9 Aszunn N ATZUNN
(mm’) Q) (mm’) ©) (mm’) Q)

1 0.00 0.36 921.53 0.85 4405.56 1.23

2 0.00 0.43 2431.59 0.85 3274.04 1.24

3 0.00 0.42 0.00 0.87 1601.92 1.26

4 0.00 0.43 3673.37 0.88 4147.16 1.15

5 0.00 0.39 0.00 0.77 3936.32 1.30

6 0.00 0.39 3141.33 0.75 2313.19 1.24

7 0.00 0.39 3286.89 0.80 1405.83 1.19

8 0.00 0.45 846.45 0.82 2601.24 1.27

9 0.00 0.40 2122.41 0.82 3960.24 1.32

10 0.00 0.42 1623.16 0.81 3077.48 1.17

11 0.00 0.44 945.75 0.81 2151.14 1.25

12 0.00 0.37 1830.76 0.79 2693.06 1.28

13 0.00 0.34 0.00 0:68 5301.44 1.33

14 0.00 0.35 1719.43 0.77 3207.70 1.28

15 0.00 0.46 1145.11 0.81 6317.61 1.31

Mean+S.D. 0.0+0.0 0.40+0.04 1579.2+1191.9 0.81+£0.05 3359.6+1350.1 1.25+0.05
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‘;13?11 NITLUND 515)7}1 NITUND G]?W NISLUND

(mm’) Q) (mm’) Q) (mm’) @
1 0.00 0.42 2693.13 0.83 3822.79 1.19
2 0.00 041 695.34 0.74 3149.05 1.26
3 0.00 041 212.71 0.86 3987.73 1.31
4 0.00 041 1780.24 0.68 4053.70 1.29
5 0.00 0.38 2027.37 0.81 3363.76 1.21
6 0.00 0.40 1724.73 0.75 4568.60 1.27
7 0.00 0.43 1662.43 0.86 4130.67 1.25
8 0.00 0.40 2875.87 0.78 2601.24 1.20
9 0.00 0.40 2396.25 0.79 3141.33 1.33
10 0.00 041 463.88 0.83 2804.40 1.21
11 0.00 041 2141.78 0.80 3650.04 1.35
12 0.00 041 1662.43 0.81 3493.65 1.25
13 0.00 0.44 1466.08 0.76 3378.85 1.32
14 0.00 0.44 1145.11 0.76 1694.79 1.22
15 0.00 0.39 1583.89 0.79 2259.59 1.40

Mean+S.D. 0.0+0.0 0.41+£0.02  1635.4£766.7 0.79+0.05  3340.0£765.4 1.27+0.06
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*Values followed by the same letter in row are not significantly different (Dancan, P<0.05)
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A Study on Performance of Cushioning Material from Rice Straw Paper for Protection of Apple Fruits

o & = 1 1 14 > 1 a a 1 - d 2
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TawaratTreeamnuk1, Thanakon Nawglang‘, Payong Lobchaengt Wanwisa Yai-ngooluam1 and Krawee Treeamnuk’

Abstract

The objective of this research was to evaluate the performance of rice straw paper as cushioning material
for protects the apple fruits from the impact force by drop test method. The 5 types of apple fruit protection was
used to test in this study, non-protection, wrap with foam-net, wrap with cushioning material from rice straw paper
thickness of 2, 4 and 8 mm. The paper was cut to size of 8x24 cm. Fuji apple fruits count number 100 were use in
this study. Drop tests at three height levels of 25, 50 and 75 cm. were used in the experiment. The relationship of
bruise volume and impact energy was evaluated. The results indicated that the bruise volume decreased when
increasing the paper thickness at all energy levels. The cushicning material from rice straw paper at a thickness of
4 and 6 mm were better protection of apple fruits than foam-net significantly.

Keywords: apples, cushioning material, rice straw paper
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Figure 1 Pieces of rice straw paper (1) 6 mm thickness (2) 4 mm thickness (3) 2 mm thickness
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Figure 2 Bruise on apple fruit and dimension of measure.

HAKAZINTOl
mm'mmmmmuwudnﬂ?mm@@ﬂ%ﬁ'ﬁ'Lﬁmmnn'wmnm:l,mﬂmmr:mLL@ﬂLﬂaﬁuQQﬁu&xﬁuwﬁqqquﬁLﬁlumn
%u%qm"rwﬁqmu’lummnm‘xLmﬂ%%uﬂgiﬁuquum:ﬁwﬁnmmmmmﬂL‘ﬁ@ Fean Figure 3 wuinBanmssasdn
ﬂmmau,mJLTjaﬁ"[sivlﬁﬁaﬁuiaQﬁuﬂ?umnﬁﬂ?mm@a@aéﬁmmd’m@LL@ﬂLﬁ@ﬁiﬁumsﬂnﬁm Lﬁiaﬁma‘mﬁﬁﬁmﬁu
nszunnaznLAanszanEsinafiansmn 2 an. mmsnamﬁ?‘mms@ﬂ%wmmmmﬂLﬁaiﬁﬁi:ﬁuqua 25 .
uaz 50 Tu. Lu;i“?';mm@‘q 75 . @tﬁﬂ‘émmmﬂ%ﬁ@.qndwaLLfmJLﬁmﬂmﬁiﬂlﬁﬁ@ﬁu%\iﬁmqLﬁmmﬂmﬂumi‘
wmm.mau,@ﬂLﬁaﬁiﬁﬁﬁwﬁﬂﬁmmdﬂﬁﬂﬁﬁﬁhwﬁqmummmﬁggqm'w (Figure 4)

14 =

6000 / 12
T ; e
£ - 3
q 4000 @ 0.8 Gaai
5 wg=foam ret [ | e=foam et
© 3000 Al
i 4-RP2 e g . -4-RP2mm
ém’ —-RP4 mm = 04 OOy

1000 ~#-RP 6 mm 0.2 ~#-RP & mm

o o
0 0.25 05 075 1 0 0.25 05 0.75 1
Impact Height (m) Impact Height (m)
Figure 3 Relationship between impact height and Figure 4 Relationship between impact height
bruise volume. and impact energy.

d e P S . el

wafiansnndsninsseedniiinliudunauelidanvieiumenszaneniediananumun 4 uaz 6 uu. Wi
STAUANEGY 25 13, tunszanHvinnAmnisansalnilesmauetidaliliinandld 100 wefidus uaz
WinANUANFNNTaIANenaNRnTuifetdnauiiansuiunaueldlan i ldveindanfiunszunnuaziatin
foamtnaiiy  uaziiiaadNguRNINIunsz A ENENa AN 4 uaz 6 WN. AddtansardNNATUALNALEL]
\aldandimsvieiudoenidnaly  Sedngmuzaesnisnszunniiialuasniuinaniniuluzozinnsdauen  ns
ussqsantsmnelani ldauUfusen  wiluszuwdnamstudsgUuuuresnnuideme MAnTuaz a1 mnNNaINnIsnA
uazn1sduaziieunInngn

AMNUANNINAREIN IALHaNNSIAszInad AU BRRssead iinTugnuiveendy 3 nguetia
darunsziuaNdeiy 95 wefidud Awandlu Table 1 Tazwiudnisldnszanenadnananumun 4 uu. wse



66

372 n15ANEIAN T 45 ailuit 8/1 (M) Auene-suanan 2557 2. Ingmanfingag

£ '

6 13l THAMNLANEAUN AT AU AN ZAN AN AN ANE DI A 1WA 4 1. A9ElA
WisnzgunInazaan g

Table 1 Mean of bruise volume by drop test

Cushioning Material non Foam net RP 2 mm RP 4 mm RP 6 mm

Mean of bruise volume R o s . .
3451.21 2516.34 3688.04 1646.26 1705.02

(mm’)*

* Values followed by the same letter in row are not significantly different (Dancan, P<0.05)
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