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1 I Plant materialsMedium-sized citrus fruit
Relationship between Texture and Cell [ racrastedun seen cius o
vested from Jan. to Mar. 1994 at the Kuchinotsu

Wa.” P0|y8aCCharldeS Of FI’UI'[ FIeSh |n Branch, Fruit Tree Research Station. At har-

vest and measurement date, each cultigen was

Vanous SpGCleS O'Cltrus mature and edible without storage.

A 2-cm-thick slice was cut horizontally at

Noboru Muramatsu and Toshio Takahara the equator for each sample fruit and then
vertically cut into halves. Half of the samples

Kuchinotsu Branch, Fruit Tree Research Station, Ministry of Agricultu(ge ysed for texture measurement by a rhe-

Forestry and Fisheries, Nagasaki 859-25, Japan ometer as described below, and the other half
. . . were stored at —72C to measure cell wall
KlyOhlde KOJ'ma . . . . olysaccharides after removal of the segment

Faculty of Agriculture, Kyoto Prefecture University, Shimogamo-hangi, Sa brane.
Kyoto 606, Japan Texture measuremefftextural properties

. of fruit flesh were measured with a rheometer
Tatsushi Ogata (RE-3305; YAMADEN Co., Tokyo) equipped
Kuchinotsu Branch, Fruit Tree Research Station, Ministry of Agriculturéth a5-mm-diameter cylindrical probe. Rhe-
Forestry and Fisheries, Nagasaki 859-25, Japan ometer settings were 1) texture measurement

mode; 2) crosshead speed, 0.5.-mnand 3)

Additional index wordsfirmness, postharvest, neutral sugars, uronic acid compression depth, 4 mm. The testing ma-

chine was connected to a personal computer
(PC-9801m; NEC, Tokyo) that calculated firm-
ness and cohesiveness from the data for the
first and second compressions. Firmness, ex-
pressed as Newtons per square meter, was the
maximum stress of the first compression. Co-
& Esiveness was the ratio of the area, in arbi-
trary units, under the second peak (S2) and the
area under the first peak (S1). The area under
ach peak is the integral of stress over defor-
ation and, therefore, represents the work
one in each compression. This value is a
direct function of the work needed to over-
come the internal bonds of the sample. Five
Firmness is one of the most importantment of granulation (Goto and Araki, 1983;fruit were used from each cultivar, and each
characteristics in evaluating the degree dghomer et al., 1989). However, to our knowlfruit was measured twice.
maturity in various vegetables and fruit. Inheredge, the relationship between firmness of Cell wall fractionationCell wall fractions
itance of firmness also has been studied ifnuit flesh and cell wall polysaccharides hasvere extracted by the method suggested by
some crops where firmness differs amongot been surveyed. Wakabayashi etal. (1990). Juice vesicles were
species and cultivars (Al-Falluji et al., 1982; Our objective was to determine 1) if thehomogenized with a 5-fold volume of 100%
Brown and Bourne, 1988). Citrus fruit fleshtexturometer developed by Szczesniak (1963jnethanol and centrifuged at 1606 for 10
generally is not as firm as that of other fruitwhich measures the independent characteristin. The supernatant was discarded, then 80%
because of juice sacs. However, firmness is dits of firmness, cohesiveness, and adhesivethyl-alcohol was added to the pellet, and the
important characteristic in citrus because theess and which covers a broad sensory expesamples were boiled for 10 min followed by
firmness of fruit flesh influences the mouthence, could be used to evaluate the firmness oéntrifugation. The residue was washed three
feel of citrus. citrus fruit; 2) differences among cultivars intimes with 100% acetone and then with a 1
Changes in chemical composition duringexture components and attributes and themethanol : 1 chloroform (v/v) mixture. The
fruit softening occur in various fruit. Soda etinterrelationship; and 3) the relationship bewashed residue was dried at 40C. The water
al. (1987) suggested that loss of moleculaween texture and cell wall polysacchariddraction was extracted with deionized water
weight of hemicellulose is involved in fruit composition. for 10 min at 95C. The residue was washed
softening and textural alteration during ripen-

ing of kiwifruit [Actinidia deliciosdA. Chev.) ) ) - ) )
C.F. Liang et R. Ferguson]. Huber (1983)'I'able 1. Difference in texture characteristics among 12 cultigens of citrus.

Abstract.Various species and cultivars of citrus were studied to determine the relationship
between texture and cell wall polysaccharide content of fruit flesh. Among those tested
cultivars, navel orange Citrus sinensifOsheck) and hassakug. hassakiHort. ex Tanaka)
were firmest, ‘Fukuhara orange’ (C. sinensisOsbeck) was intermediate, and satsuma
mandarin (C. unshiuMarc.) was softest. There was a 3-fold difference in firmness among
the 12 citrus cultigens measured. Cohesiveness values ranged from 0.30 to 0.49 and wi
not correlated with fruit firmness. Sugar content in each cell wall fraction was highest in
the water and EDTA fractions, followed by the hemicellulose fraction, and was lowest in
the cellulose fraction. Correlation coefficients between firmness and sugar content ranged
from 0.69 to 0.88 and were highest in the cellulose fraction. This study suggests th
firmness of fruit flesh among the cultigens is influenced by cell wall polysaccharided
composition. Chemical name used: ethylenediaminetetraacetic acid (EDTA).

reported that fruit softening could be attrib- Firmness
uted to the dissolution of cell wall compo-Cultigen (16 Nem9 Cohesiveness
nents, particularly polyuronide. In citrus,Yoshida navelCitrus sinensi©Dsbeck) 1.79% 0.42b
chemical analysis and microscopic observaddassakuC. hassakiHort. ex Tanaka) 176 a 0.34 c-e
tion of the citrus cell wall revealed the involve-Hirado buntan€. grandisOsbeck) 157b 0.31 d-f
Kawano-Natsudaidai@. natsudaidaHayata) 1.46 bc 0.36 cd
Yoshida ponkan(. reticulataBlanco) 1.36¢ 0.38 bc
Fukuhara oranged. sinensi®sbeck) 1.20d 0.40 bc
Sanbokan(. sulcataHort. ex Tanaka) 0.87 e 0.37 b—d
Received for publication 20 Oct. 1995. Accepted foMiyauchi iyo (C. iyo Hort. ex Tanaka) 0.64 f 0.49a
publication 7 Nov. 1995. Contribution no. D-126 of fyuganatsu¢. tamuranaHort. ex Tanaka) 0.62 f 0.32 ef
the Fruit Tree Research Station. The cost of publistflyomi (C. unshiuMarc.x C. sinensiOsbeck) 0.58 f 0.48 a
ing this paper was defrayed in part by the paymer%emmole C. para_d|S|Macf_. x C. retlcqlataBIanco) 0.57f 0.30 ef
of page charges. Under postal regulations, this papgﬁtsuma mandarin (Aoshima}.(unshiuMarc.) 0.50f 0.40 bc
therefore must be hereby markadvertisement LSPoos 0.15 0.06
solely to indicate this fact. “Mean separation within columns by least significant differenée<a®.05.
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twice with distilled water, and after centrifug- 8
ing again, the supernatant was added to the -,
water fraction. The washed residue then was?
treated with 2 units porcine pancreatie g 6_
amylase (type 1-A; Sigma, St. Louis)/ml in /2
100 nv sodium-acetate buffer (pH 6.5) for 2 h
at 37C, then washed again with deionized Water."'o 4
The EDTA fraction was extracted three T,
times from the cell wall by treatment with 50
mm EDTA in 50 mv sodium-phosphate buffer 4
(pH 6.8) for 15 min at 95C. Hemicellulose was & 2 T
extracted with 17.5% (w/v) NaOH, containing 3
0.02% NaBH, for 18 h. Again, the residue was
washed with 4% acetic acid, then acetone was 0 .
added, and it was dried at 40C overnight. The ]
residue was dissolved in 72%,30D,. One J
hour later, water was added, and after separa- -
tion through a glass filter, the solvent was 0 5 '[ 1 5 2
regarded as the cellulose fraction. Neutral i
sugar and uronic acid contents in each fraction Deformation (cm)
were calculated by the phenol-sulfuric acid

N
=

(Dubois etal., 1956) and the calvazol methodsy. 1. Relationship between stress and deformation of citrus fruit flesh. Firmness (F) is defined as th
(Galambos, 1967), respectively. maximum stress in compressing a sample 4 mm. Cohesiveness is the ratio of the area under the first pe

(S1) to the area under the second peak (S2).
Results and Discussion

A representative example (Miyauchi iyo) ey rierin — AMater . Sateums bandar o E B.EDTA
of the relationship between deformation and | Seming o —r———] Y eminel o
stress in citrus flesh is shown in Fig. 1. The Iyo Tangor ME——— " ’l‘v”“?“‘““ ; -
curve should be read from left to right, peak 1 Serbasken Semmr— Sanbotan #
being the first, and peak 2 the second compres- Ponkan ME———————_—— " Fukuhars S —
sion. Although Szczesniak (1963) suggested =~ Mtwdaidsi B —————— Natsiidaide| — )
that firmness, cohesiveness, and adhesiveness Hassaky S—_—T 1 , amtar —
could be calculated from the curve, adhesive- "o renee Smm——————o—o . Navel Orang: AEE—
ness, which is defined as the work necessary to 0 ZSugnr pontant fng-g-1 3 g a 2 4 g t

Sugar contant (mg-g-13

pull the probe from the sample, was not de-
tected in our measurement. Since the stress

increased as a sample was compressed, th@stsna dandarin £ T Setouna Yandarin E
. . Kiyom: tangor M1 C Hemicellwlose Kiyemi Tangor B Gellutgse
yield point also was not found clearly. Seminole I——— Seninete T
Friedman et al. (1963) measured the tex- Tigligﬁgg '_—, Hyuganatau i_
ture of several processed foods by texturometer sancaukan I—1 N e T
and showed that in each food there was a fhers frame f—— Fuahora Orangs ¥ ——
characteristic relationship between stress and  Matsutaidsi £ A
deformation. In our measurement of citrus oantan § - — ' Buntan’.f: . -
fruit, the curves of stress and deformation  Meval Oranee K= - — vl o = J
were similar to those of agricultural products 0 Rugar contont. e gt 8 0 2 4 6 8

Sugar contant (ng-g-1)

measured by Mudahar and Jen (1991) in which

adhesiveness was not deteCted' I_n our melgig 2. Sugar composition of various fractions of citrus fruit cultiva#g: Water, 8) EDTA, (C)
surement, however, the yield point, which ; o A ;

' ' y point, hemicellulose, andd) cellulose.J andm indicate neutral sugar and uronic acid, respectively. Sugar
they noted, was not found clearly. Since adhe-  ¢ontents show milligrams per gram of fresh weight of fruit flesh.
siveness was absent in the flesh of citrus fruit,

firmness and cohesiveness were evaluated.

Firmness of fruit flesh ranged from 0.50 to In most cultivars, the proportion of total ever, cohesiveness was not correlated with
1.79x 1°N-m2among the 12 cultigens (Tablesugar in water was 30% to 40%, in EDTA 34%polysaccharide composition.

1). Navel orange and hassaku were firmesto 39%, in hemicellulose 10% to 17%, and in  In summary, firmness and cohesiveness
‘Fukuhara orange’ was intermediate, and satellulose 7% to 15%. However, in ponkancan be used to describe the texture of citrus
suma mandarin (Aoshima) was softest. Thbyuganatsu, and satsuma mandarin, the priuit flesh. Large differences in firmness and
cultivar with the highest firmness value wagportion of total sugar in the water fraction wasohesiveness among citrus cultivars were
three times that of the one with the loweshigher, while being lower in other fractionsfound. Additionally, firmness of fruit flesh
value. Cohesiveness varied from 0.30 to 0.4@mpared to other cultivars. Compared to othexmong the cultivars is influenced by cell wall
and was not correlated with fruit firmness. fruit and vegetables (Mitcham et al., 1989polysaccharide composition. These data will

Sugar content in the cell wall fractions alsdfamaki et al., 1983), our data suggested théie helpful in analyzing the heredity of flesh in
varied among citrus cultigens. Total sugathe proportion of sugar in the water and EDTAcitrus fruit.
content, composed of neutral sugars and urorfitactions was extremely high and was low in
acid, was highest in the water and EDTAhe hemicellulose and cellulose fractions. Literature Cited
fractions, followed by the cellulose fraction, Correlation between firmness and suga . N
and was lowest in the hemicellulose fractiorcontent ranged from 0.690 to 0.877 and waél":lzlggl’ﬁif‘ér’igrégg;n;éer;géﬁng V:N. Lambeth.

. . . . . . . . p firmness intomato
(Fig. 2A-D). Uronic acid was highest in thestrongest in the cellulose fraction and lowest p,y, generation mean analysis. HortScience
EDTA fraction followed by the water fraction, in the water fraction (Fig. 3A-D). Thus, firm-  17:763-764.
and only trace amounts were present in thaess of fruit flesh appeared to be governed tBrown, S.K. and M.C. Bourne. 1988. Assessment of
hemicellulose and cellulose fractions. the cell wall polysaccharide content. How- components of fruit firmness in selected sweet
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Fig. 3. Relationship between sugar content and firmness of citrus fruit for various fraétjonatér, B)
EDTA, (C) hemicellulose, andX) cellulose® ™™ Significance aP< 0.05, 0.01, or 0.001, respectively,

by t test.
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