HhEEEL RS (J. Agric. Res. China) 53:229~238 (2004)

Effect of Bagging with Black Paper on Coloration
and Fruit Quality of ‘Ruby’ Grapefruit'

A-Shiarn Hwang?’, Kuang-Liang Huang® and Shin-Hsuan Hsu*

ABSTRACT

Hwang, A. S., K. L. Huang, and S. H. Hsu. 2004. Effect of bagging with black paper on
coloration and fruit quality of ‘Ruby’ grapefruit. J. Agric. Res. China 53:229-238.

'Ruby' grapefruit (Citrus paradisi Macf.) were covered with black paper bags in late
May or early June (early bagging) or early July (late bagging), and changes in the peel and
flesh color were measured by spectrophotometer in regular intervals till harvest in late
November. Bagging increased chroma and lightness but decreased hue angle gradually on
peel, thus resulting in a light reddish orange color during maturation period, while control
fruits were bright yellow. The most intense color on peel of bagged fruit occurred in late
October. The peel color of early-bagged fruit was redder (smaller hue angle) than that of
late-bagged fruit. Compared to controls, bagging only slightly enhanced flesh color during
maturation period, and there was no significant different between the two different bagging
treatments at harvest. Bagging had limited effect on fruit quality.

Key words: Grapefruit, Peel color, Flesh color, Bagging, Fruit quality.

INTRODUCTION

Rind color influences consumer acceptance of fresh citrus. Based on rind and flesh color, grapefruit
(Citrus paradisi Mact.) cultivars can be grouped as (1) white rind with white flesh, (2) white rind with pink
flesh, (3) pink rind with red flesh and (4) red rind with red flesh (Cameron et al. 1964). Most grapefruit
cultivars, other than the deep red ones such as 'Rio Red' and 'Star Ruby', do not exhibit obvious external

color difference in the field (Porras et al. 1996). Their rind usually exhibit yellow or greenish yellow at
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mature stage. In the researches of grapefruit color, many reports focused primarily on factors affecting pulp
and juice color. The color in red grapefruit is related to the variety, rootstock, interstock, age of tree, size of
fruit and the seasonal climate (Issa & Mielke 1980; Lee 2000; Lime et al. 1954; Oberbacker et al. 1960;
Purcell & Scheltz 1964; Rouseff ef al. 1992; Ting & Deszyck 1958).

Lycopene and B—carotene are the main pigments in pink and red grapefruits (Curl & Bailey 1957;
Khan & MacKinney 1953; Rouseff ef al. 1992), and there is a significant correlation between color index
and lycopene content in flesh or juice of these cultivars (Lee & Coats 1999; Lee 2000; Ting & Deszyck
1958). ‘Marsh’ grapefruit, a typical white cultivar, normally contained only trace colored-carotenoid
pigments in peel (Yokohama & White 1967) and pulp (Khan & MacKinney 1953). However, intense red
color can be induced in the peel of developing fruit by chemical spray (Yokohama & DeBenedict 1972).

Many kinds of fruits are covered with paper bags in Taiwan to protect them from oriental fruit fly
(Dacus doralis) damage. In addition, bagging with black paper also improves external color of red
grapefruits. The purpose of this study was to investigate the effects of bagging with black paper at various
developmental stages on the coloration of ‘Ruby’ grapefruit for obtaining a more intense and pleasing color,

which is preferred in the market. The effect of bagging on fruit quality was also investigated.

MATERIALS AND METHODS

The experiments were conducted for two consecutive years in an 8-year-old 'Ruby' grapefruit orchard
located in Gukeng, Yurn-Lin. A complete randomized design with 6 replicates, 1 tree per replicate, was used.
Trees were grafted on ‘Bitter’ pummelo seedlings and planted in 1991 with a spacing of 6 x 5 m. The
orchard was managed using common commercial practices with micro sprinkler irrigation. Black paper
bags (Dah-Shehng Co., Yurn-Lin, Taiwan) were placed over fruits either on 26 May (early bagging) or 1
July (late bagging) in 1999 and 3 June (early bagging) or 2 July (late bagging) in 2000. Fruits in control
trees were not bagged. The bags measured 27.5 x 16.0 cm, had a weight of 40.32 g/m? a thickness of
0.068mm, a ventilation rate of 13.9 cc/sec, and two 4 cm opening at each bottom corner. Measurement of
rind color began from early September (1999) or late June (2000) till harvest, and 12 fruits per tree were
randomly sampled from the outer canopy (1999) or inner canopy receiving little or no direct sunlight
(2000).

The colors of peel and flesh were measured as CIE L*, a*, and b* values using a spectrophotometer
(Color-Guide, BYK-Gardner, Maryland, USA ) with illuminant D65 and observer angle 10°. Chroma

( C*=(a**b*?)"? ) and hue angle ( h°=tan’'(b*/a*) ) were calculated from the parameters (McGuire
1992). Total color difference (AE*) between the treatments defined by (AL**+Aa**+Ab**)"2 Four
equidistant measurements were taken around the equator of each fruit. Measurement of flesh color began in
July when the fruit reached the size that was measurable to the spectrophotometer (measurement aperture
20 mm). Fruits were cut transversely into halves, and 4 readings were taken at equidistant locations near the
albedo on the top-end half of each fruit.

Fruits were harvested on 18 Nov. in 1999 and 21 Nov. in 2000. For quality analysis, juice was

extracted with a electrical citrus juicer (model MPZ 6, Braun, USA). Acidity was determined by titrating
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with 0.IN NaOH solution. Sugar content was measured with handy refractometer (Atago, N1). Means

separation was performed using Duncan's Multiple Range Test.

RESULTS AND DISCUSSION

Changes in peel color

Changes in peel color expressed by lightness ( CIE L*), chroma (C*) and hue angle (h°) were similar
in two years as shown in Fig. 1 and Fig. 2, although fruits were sampled from different positions (outer
canopy in 1999 or inner canopy in 2000). After bagging, the peel color of both bagged fruits changed
consistently toward a deepest color of hue angle 60 (reddish orange) in late-October and followed by a
small increase, and that of control fruit decreased toward 90 (yellow color) at harvest. By 8 Sept. 1999, the
peel of early-bagged fruits had become orange yellow with CIE L*, C* and h° values of 68.4, 40.6 and 77.0,
respectively. Fruits of late bagging were bright yellow with CIE L*, C* and h° values of 70.2, 44.4 and 85.3,
respectively, while that of control fruits remained greenish yellow with CIE L*, C* and h° values of 48.6,
30.7 and 110.7, respectively. Lightness and chroma values of the bagged fruit increased rapidly after
bagging as compared to the control fruit in the same developmental stage. These two color parameters of
control fruit didn’t increase until maturation period, and only the C* value at harvest in 1999 was
significantly higher than the bagged fruits. Early-bagged fruits had smaller hue angle, higher lightness and
higher chroma in peel than late-bagged ones did during maturation period, which reflected a brighter redder
color (Fig. 3).

Francis & Clydesdale (1975) indicated that a total color difference of 2 would be noticeable different
for most products. The peel color of both bagged fruit can be described as reddish orange at harvest,
however the difference was perceived with total color differences AE* =3.5 in 1999 and AE* =6.0 in
2000 (Table 1). As season progressed, the peel color of control fruit changed from green, light yellow green
toward bright yellow, a hue angle of 88.4 in 1999 and 93.8 in 2000 at harvest. The total color differences on
peel between control and bagged fruit in the two years were higher than 19 (Table 1).

Changes in flesh color

The CIE L* and C* values in flesh of the whole 3 treatments declined consistently throughout the

investigation period as shown in Fig. 4. The main difference in flesh was that the control fruits had larger

hue angle (p<0.05) as compared to the bagged fruits since late September. Although the differences of CIE L*

Table 1. Effect of bagging periods on total color difference between treatment in peel and flesh of ‘Ruby’ grapefruit

Peel Flesh
/A\E** between treatments”
1999 2000 1999 2000
Early and control 229 25.7 2.0 0.3
Late and control 19.9 21.8 2.6 1.4
Early and late 35 6.0 0.8 1.3

“Total color difference AE*= (AL*+Aa**+/\b*?})"2,
Y Early: bagged with black paper on 26 May 1999 or 3 June 2000; Late: bagged on 1 July 1999 or 2 July 2000; Control: not
bagged. Color was measured at harvest in late November.
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Fig. 1. Changes of color parameters in the peel of ‘Ruby’ grapefruit bagged with black paper during mature season in 1999
(meantse, treatments, as Table 1). The color was measured using CIE Lab system. CIE L* value indicates lightness,
black=0 to white =100. Chroma [ C*=(a**+b*?)"?J is an index of color intensity, and color intensifies with greater
value. Hue angle ( h°=tan'(b*/a*) ) represents different color, 0° = red-purple, 45° = orange, 90° = yellow, 180°
=bluish green and 270° = blue.
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Fig. 2. Changes of color parameters in the peel of ‘Ruby’ grapefruit after bagging with black paper in 2000 (meantse).
Treatments and color parameters see Table 1 and Fig. | respectively.
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Fig. 3. Effect of Bagging periods with black paper on coloration of ‘Ruby’ Grapefruit. Fruit were bagged on 3 June (early
bagging, middle row) produced redder color on peel during maturation period than those bagged on 2 July (late
bagging, upper row), and control fruits (lower row) were greenish. Fruits were picked and photographed 5 November
2000.

value among treatments were small, the difference showed with 5% significant different level. The hue
angle declined to the lowest level of 46.3 for control fruit on 21 Aug. and that was 44.9, 45.4 for early- and
late-bagged fruits on 21 Sept., respectively. Then, they increased slightly with maturity till harvest in late
November. This color change in flesh agreed to the previous reports (Lee 2000; Lime et al. 1954;
Oberbacher et al. 1960; Porras et al. 1996; Ting et al. 1980). There was no significant difference in hue
angle of flesh between early and late bagging at harvest and both were slight smaller than that of the control.
The total color difference (AE*) in flesh among the treatments (<3.0) were quite small than those in the
peel (Table 1.).

As lycopene with a lesser extent of f—carotene are the major pigments in red grapefruit cultivars (Curl
& Bailey 1957; Khan & MacKinney 1953; Rouseff et al. 1992) and their concentrations have a significant
relationship with the color (Lee & Coats 1999; Lee 2000; Ting & Deszyck 1958), the color changes in this

study might also relate to these pigments.
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Fig. 4. Changes of color parameters in the flesh of ‘Ruby’ grapefruit bagged with black paper in 2000. (mean+tse). Treatments

and color parameters see Table 1 and Fig. 1 respectively.
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Table 2. Influences of bagging with black paper on fruit quality of 'Ruby' grapefruit in two consecutive years

o Fruit Diameter” Rind Juice Sugar ) Sugar/
Investigation ) . . K Acid R
Treatment”  weight (mm) thickness yield content acid
year ; o content (%) .
(gm) Trans. longi. (mm) (%) (°Brix) ratio
1999 Early 399.7 98.1 86.1 53 51.6 8.3 0.96 8.64 a*
1999 Late 396.1 98.2 85.8 5.6 50.3 7.8 1.03 7.64b
1999 Control 404.8 98.4 86.1 53 50.3 7.7 1.06 7.34b
2000 Early 392.3 97.3 82.3 4.7a 53.7a 7.6 1.04b 729a
2000 Late 398.4 99.6 83.4 49a 512b 7.3 1.10 ab 6.56 ab
2000 Control 372.4 94.5 81.8 42b 55.1a 7.3 1.13a 6.41b

“ As in Table 1.
Y trans.: transversal; longi.: longitudinal.
* Means followed by the same letter are not significantly different by Duncan's multiple rang test (p=0.05).

Influence of bagging on fruit internal quality

Table 2 shows the 2-years’ fruit quality analysis results. The main difference among the treatments was
that fruits of early bagging had higher sugar/acid ratio than the control. This was due to the higher sugar
and lower acid content of early bagging fruits in both years, whereas only acid content in the latter year was
significantly different between treatments. The rind thickness and juice yield showed a significant
difference among treatments in the latter year. The other major characteristics of fruit quality including fruit
weight, longitudinal and transverse diameter and sugar content were not significantly different in both
years.

Citrus fruits are non-climacteric and undergo slow and gradual development in both external and
internal quality (Spiegel-Roy & Goldschmidt 1996). In this study, bagging ‘Ruby’ grapefruit with black
paper altered the peel color from bright yellow to reddish orange gradually with limited effect on major
characteristics of fruit quality. In order to obtain a redder peel color, ‘Ruby’ and probably all the red

cultivars of grapefruit should be bagged with black paper at an earlier stage and harvested in late October.
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