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ABSTRACT: The firmness of the orange texture can be considered as an important criterion for
determining the quality and freshness of this product and its texture characteristics have a great
influence on its acceptability and marketability. Orange is an important product in the south of
Kerman province, having sufficient knowledge and information about its texture mechanics is also
important for the development of orange industries and processing equipment, especially orange
concentrate production industries. In response to need the mechanical properties of the orange texture,
punch test method was proposed as a suitable and non-destructive testing method. In this research,
firmness, force, stress and consumption energy of five common orange varieties (Valencia, March,
Washington Navel, Blood and Local Jiroft) was determined and compared by punch test method with
seven punch diameters (4.3, 4.6, 9.7, 9.5, 11.1, 12.7 and 14.3 mm). The results showed that the effect
of variables of punch diameter, variety, and also the interaction effect of punch diameter x variety on
the force, firmness, stress and energy were significant at 1% level. The combination treatment of local
cultivar with a punch diameter of 12.7 mm has the maximum value of force (79.0 N) and firmness
(7.9 N/mm), and the minimum value of force (15.5 N) and firmness (1.5 N/mm) was obtained in the
combination treatment of blood variety and punch diameter of 4.8 mm. The highest mean of stress
(1.5 MPa) and the lowest mean stress (0.3 MPa) were in the combination treatment of local variety
and punch diameter of 4.3 mm, and the combination treatment of blood variety and punch diameter
was 14.3 mm.
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Table 4 - The values of R2 determination coefficient and R.S.E regression standard error of prediction models of firmness of orange cultivars
in Jiroft region and mixture of cultivars based on equation (1)
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Figure 3- Drawing F/A versus 1/D for all orange cultivars
(Slope of each line is equal to 4Ks and the width from the origin is equal to Kc)

S0 olge ST gl ez oads Bd> [saze C

s K/ ply s o ol &I ol o el jao
o s ad SaS 4y el Ks ol o 5l (2e
5 (Ko) (op culyd Oy bolas 1 plaS o e
slo IS .0yl cavas 1, JU5 o8, ,» (Ko) So,ud
5 ol gl Gl Ol L (D L ()
sz slaJia 3] Jolr o L 45 3,0 150 523
IS g0 opl 5l Lol Gan ojls o9 il (F)

-0 e D blie ;o F/P (V) doles 3o .0l oo
A l5S o Lot Jlagel > ()3 o 355
)WDgﬁA&mfu’%W)’LSQW)WF/P
(V) alolee cIlo ) 3o ol sio oo oy 38
RNV PERVE i L OvPY
(O akaly)

K.
TXD+KS

ol



(‘5&.&53{‘ snlc) 1) QL}'.MqU ¥ oylols DAY 0490 ‘O‘)‘.’.' () G oo Al \Ye

SO eyt il patie a8 Sy gl a5 el
08y 9 009 yiSTas polie lyls Ll 5 (Joe o8
50 bl oo laie Pl Fopis oy Sl Je
Bl (s ke G i LLS T4 0l o0 &8s
5 ok S bl oo Ll (0,88 g0 5 Wy
bl ot Hlade J5, calise o6 ol Fo,u8
G ows SOl eslawl g el b g ool asine
&bl dae oy Raaled Rl (2S5 L (e
o 5 £ 59 J 5,08 o 5 e 3l
I3 by 5yslaS Jawgs g glabasd O ya0 4 cills
Wi clls y Jore jo (S Guand ol 00,5 s
g Cablop by, bl 4 sew cul oo L
ol @i doe ks Sl 4 ol JEl ogoi (nizren

39,5 o o (s i I3

(F) JSCs S il oo o b gl arh s dunslie
e 0y 4 boaye b ol &5 was e i
ol Jde (Ghp o LS g 009 Jlden (ol
slrod, ;5 (So> 9 Job (Sly (e dbwdly o)
U R JC X
S 03 oy b cslie (F) JS5 bglas o
o pd A ) g (e e (e 9wl pL)] ]
ool sladoe (50,83 oy il (dhie (S8
ol 0] Cawds e 5 (F) oo 5l e Joxe g
D) lasko jme Slga o Ly Lnlly 03, Jlges
Ao Ol (Fopad oo W il s oo 5 00
il o F = 1.6P _ixy o] lolas b ,blite a5 o
1) Jloged s el Jho (Soyid oo ] o a8
o po LA g oog i (o> o8 5l Job (Sl
Jols alyo byl el ol Ol jin (S0 ,28
S 9 Job oSKadly pB)l 4 bgye (F) Jgu
ez (F) JSb slajloged 4y azgi b el JBlis

2.5
°
2 ) @O e
°
L ¢ - . H
15 :
T °
£ ] ° —*_ °
zZ 1 ®
o
[
0.5
0
4 7 10 13 16
D (mm)
S Pty @l Ol @ .

(el Ks gyt oo 51 (550 9 Kof4 gl b3 1 o) JUS o851 als” (152 D ilio )3 FIP w5 —F JSCis
Figure 4- Drawing F/P versus D for all orange cultivars
(Slope of each line is equal to Kc/4 and the width from the origin is equal to Ks)



A3 wam‘ob)lww&u :(J‘)l&n&g‘:ﬁ.‘gd

.Q.QQLSA

VIA gl Shad g (e o3; s)lod 55 €
5 (JSwlle VB) 2 5Kl o i o oo
Fooskes VWY gl [hd 5 G958, ol oS5
bl 1) (Rl e +/Y) il oSl (g yieS

3 Uik YAYIY) 655l Jlade o min o
9y e VIV il a8 b oo o8, (5 e oS 5
b s g (xKbly 08 (5l cuS 5 0 Ol cr S
a2 oo &, (Jo5skee TV/A) il FIA

Grashen 2 O35 OIA) (o Sl 0 it 20
08y e 4 ol law g Cd e (e 03, 4 Loy e
YIA) Jsb (pSaisly d(asbon 2 (90 YIA) Ll
5 Gk 2 o TIF) Go)le (o he 2 (50
ol Sy Grogshos 3 i Y1) (G55

5 Syl 2 oge haw b 56 4 azgi L g
asd g0 Brpan glaylil a4 o JEl izen
e el @ S8 e 08, 00,5 o0 i
JES! Gizead 5 (5,045 (6l e 0900 SO i
@ S5 08y Sk ol bl Cews ye0 lalik 4
] pL1 bl @y s gt JBlo (pils Lo
b 5o sl Cuz a sl @Y g 00gr Spdy

i a2 g5 b Ly 5 Cd e (oo o)1 510
5050 ;05 5 o3 ol adg (gl el 2 YL L
o 10 o5 05 5 ;LSS wdgi gl Bl pl
23,5 eolawl (5,91,9

@l Lwilly 5 oo a6l 45 ol s a3 b .
Jo @ il oo pB)l plo @ Cond (6 i (b
Il Sl Shaw ply jo goby Cwglie
clls p glapyile Jawgy wilyy so ( coble s
0,8 el Jlry as g dBle gleoadl; ) aile
a5 5,1 ol cwiile Clo 50 ] § dedio line

ezl gn aiata 13 o 458 olsen b 5 Jghise o6

(95 (sole)

e i Ks s Ke colyps pol> b o

Sl SVolee 4 Jlox! oS5 b ol Sy S g
Pl bgloe 5 pl)1 SO S5 (S (i sl 00
5 op ey e ) @b lame 36 ) 0 a4y
o3g: @l wled e 53U Sl G Sle 4 (G
S ogee Sy mhaw b gl 9555 2 o
500y (O] bme) @l (gl 4 by (S ,88
Bh o S5 0,5 o0 Djso @l 398 e
0392 050 Camsgy 1 Sl 3 930 (S9 55 l L
A8 o)ls (s Cwwgy (Shp g (ST Cuoglie @ g
2 5009 oo VEIV oolanul 050 @l (0 25,5
S Sialesl Syse sla JU Sl Slad L anslis
g Sopud gald cel ol es wilb o Sl
Spd oo plply 09d ce oge LBy il
45 335 o s St siie Lamy 5 22l 5,0
a5 el el Ll (V) Aol clpo L
o |y Gialesl 950 aigad eyt Jlad L gl Sl ool
ol geals J18 (5 b avslie o (i (50,48
P Osdige x5 (V) doles (F0,88 (oo >
@ @l Sei bl S sS ogee yhad jl sl Jlad e
Sy 9 Fude e Sy Sbml Sl oge (490

.Qd)fsn peS 5 lid

Sl i pol> a5 Lol gl

b ((Fg PVIY) gy Jlade o iy A
2 (Uoiken Yo OIV) 550 5 Grodo 22 3925 #1Y)
0 ok b g el Canny e e VIV il b
ey s sine B il o

WV &b 5hd b (e 08, (g5l oS5 w0
S 9 (Fgw YA gy Jlade Gyt fo e
9y slode (p S g aldls | (o duoe (g V)
» G p (Fe VO) (b 5 (S VOIB)
T Fogskes YIA b 5had 5 S95 o8, )lod oS



(gt oode) 1Fe) HLawsli (¥ o,lols BT 090 ¢yl o pimrwgms (owiige IYY
Dyl 0959 i oy @8l o)l digSo Sg arlyzs ol Gl YU e o 4

REFERENCES

Ahmadi, K., Ebadzadeh, H. R., Hatami, F., Hoseinpour, R., & Abdshah, H. (2020). Agricultural
Statistics. Horticultural Products. Information and Communication Technology Center of the
Ministry of Agriculture. (In Farsi)

Anonymous, (2017). Oranges-Specifications and test methods. Iranian National Standardization
Organization (INSO) No, 279, 6th, Revision. (In Farsi)

Bourne, M. C. (1966). Measure of shear and compression components of puncture tests. Journal of
Food Science, 31, 282-291.

Bourne, M. C. (1975). Method for obtaining compression and shear coefficients of foods using
cylindrical punches. Journal of Texture Studies, 5, 459-469.

Christopher, J. M. (2005). Non-Destructive testing of fruit firmness with real time constraints.
Literature Review Bachelor of Digital Systems with Honours (1200) School of Computer
Science and Software Engineering. Monash University.

Esna-Ashari, M., & Zokaee Khosroshahi, M. R. (2011). Post-harvest Physiology and Technology
(2nd ed.). Bu-Ali Sina University Press. (In Farsi)

Fotouhi Ghazvini, R., & Fattahi Moghadam, J. (2006). Citrus Growing in Iran (2nd ed.). The
University of Guilan Press. (In Farsi)

Ghanbarzadeh, B. (2019). Principles of Foods and Biopolymer Rheology (3rd ed.). University of
Tehran Press. (In Farsi)

Jackman, R. L., & Stanley, D. W. (1992). Area- and perimeter-dependent properties and failure of
mature-green and red-ripe tomato pericarp tissue. Journal of Texture Studies, 23, 461-474.

Jha, S. N., Kingsly, A. R. P., & Chopra, S. (2006). Physical and mechanical properties of mango
during growth and storage for determination of maturity. Journal of Food Engineering, 72, 73-
76.

Khadivi, A. (2011). Pomology (2nd ed.). Education and Extension of Agriculture Press. (In Farsi)

Khazaei J., & Mann, D. (2004). Effects of Temperature and Loading Characteristics on Mechanical
and Stress-Relaxation Properties of Sea Buckthorn Berries. Part 2. Puncture Tests. Agricultural
Engineering International: CIGR Journal, 6, 1-16.

Lana, M., Tijskens, L. De., Theije, A., Dekker, M., & Barrett, M. (2007). Measurement of Firmness
of Fresh-Cut Sliced Tomato Using Puncture Tests-Studies on Sample Size, Probe Size and
Direction of Puncture. Journal of Texture Studies, 38(5), 601-618.

Mahmoodi-Eshkaftaki, M., Ebrahimi, R., & Torki-Harchegani, M. (2013). Determination of Critical
Conditions for Puncturing Almonds Using Coupled Response Surface Methodology and Genetic
Algorithm. Food Technology and Biotechnology, 51(4), 500-508.

Shafiee, S., Modarres Motlagh, A., Rahmani Didar, A., & Minaee, S. (2008). Investigation the effect
of skin on mechanical behavior of apple. Journal of Food Technology, 6(2), 86-91.

Shiu, J. W., Slaughter, D. C., Boyden, L. E., & Barrett, D. M. (2015). Effect of the shear-to-
compressive force ratio in puncture tests quantifying watermelon mechanical properties. Journal
of Food Engineering, 150, 125-131.



