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Abstract

Irradiation as an alternative quarantine treatment has been under consideration by the International Consultative Group on
Food Irradiation. This study was conducted on early and late season ‘Rio Red’ grapefruit to investigate the effects of harvest
date, storage, and low dose irradiation on functional constituents, and quality. Fruit was treated with 0, 70, 200, 400 and 700 Gy
and then stored under simulated storage conditions by subjecting the fruit@ft04 weeks followed by 1 week at 2C
with 90-95% relative humidity. Flavanones (naringin and narirutin), terpenoids (limongid-glycopyranosidef3-carotene
and lycopene) and quality (ascorbic acid content, soluble solids (%), titratable acidity) were evaluated immediately following
irradiation treatment and storage. Results demonstrated that the response of fruit to irradiation depended on harvest time. Lower
doses (at or below 200 Gy) of irradiation coupled with 35 days of storage were useful in enhancing health promoting compounds
in early season grapefruit. Higher doses of irradiation (400 and 700 Gy) and 35 days of storage had detrimental effects on quality
of early season grapefruit, however, no significant effect was observed on the quality of the late season fruit.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction commercial quarantine treatments used in Texas to
overcome trade barriers; however, it is toxic to hu-
Texas grapefruit exported to international markets mans and causes damage to the stratospheric ozone
such as Japan or domestic markets such as Florida,ayer. Although exemptions to use methyl bromide
California and Arizona must be certified free of for post-harvest treatments have been granted, it is
Mexican fruit fly, Anastrepha ludengLoew). Cur- anticipated to be phased-out by the year 2010 in
rently, methyl bromide (MB) fumigation is one of the developed countries. The international community
has also strongly sensed that an alternative treat-
"+ Corresponding author. Tel 1-956-968-2132: ment must bfe develqped befqre the total phase out of
fax: -+1-956-969-0649. MB. The United Nations Environmental Programme
E-mail addressb-patii@tamu.edu (B.S. Patil). (UNEP) established the Methyl Bromide Technical

0925-5214/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.postharvbio.2004.03.015



54

Options Committee (MTOC), which has identified
irradiation as being a versatile and viable alterna-
tive for quarantine treatment in the fight against fruit
flies.

A low dose of gamma irradiation as a quarantine
treatment against Mexican fruit fly was recently devel-
oped for citrus fruit. Recent studies in our laboratory
have shown that a minimum dose of 58 or 69 Gy was

B.S. Patil et al. / Postharvest Biology and Technology 34 (2004) 53-64

ter South Farm, and fruit were run in a commercial
packing line, washed and waxed.

Fruit were irradiated with3’Cs self-contained
dry-storage irradiators (Husman Model 521A,
Isomedix, Inc., Whippany, NJ) at the USDA facility
in Mission, TX. Sixteen fruit per treatment were ex-
posed to 0, 70, 200, 400, and 700 Gy with a centerline
absorbed dose of about 40 Gy min After the irra-

suggested for disinfestations; however, depending on diation treatment, fruit were subjected to simulated

the level of security required in commercial scale op-
erations, fruit could receive up to three times the min-
imum absorbed dose for disinfestatiohta{iman and
Martinez, 200

Treatment of grapefruit with a dose of 300 Gy re-
sulted in minimal injury to the fruit $palding and
Davis, 1985; Miller and McDonald, 1996Further-
more, our studies have demonstrated that ‘Rio Red’
grapefruit exposed to irradiation doses of up to 500 Gy
did not affect soluble solids (%), titratable acidity, ap-

pearance, and organoleptic quality compared to un-

treated fruit Hallman and Martinez, 2001
Type and intensity of injury to grapefruit due to
low dose irradiation (300-900 Gy) has been attributed

storage conditions by storing for 4 weeks at°@0
followed by one week at 20C with 90-95% relative
humidity. Fruit from each treatment was collected
for extraction and analysis of phytochemical levels
both 24 h after irradiation and at the end of storage.
Samples were stored ai80°C until analyzed.

2.1. Laboratory analysis

Fruit samples were analyzed for flavanone content,
limonin glucoside, and Vitamin C. Fruit quality pa-
rameters such as soluble solids (%) using temperature
controlled refractometer and titratable acidity (TA)
was determined by titration of juice with 0.1N sodium

to time of harvest. Early-season grapefruit, harvested hydroxide to phenolphthalein endpoint (expressed as
from October to December, were more susceptible to mM H™). The soluble solids/acid ratio was calculated
scald and less susceptible to rind breakdown, while from two values (soluble solids/TA).

late-season fruit were more susceptible to rind break-

down after irradiation and storagddtton et al., 198
Irradiation applications to improve bioactive compo-
nents in fruit and vegetables has been revieviratil,
2004).

Although studies have reported the effect of low

2.2. Standards

Naringin and ascorbic acid standards were pur-
chased from Sigma Chemical Co. St. Louis, MO,
USA. Limonin 178-p-glucopyranoside (LG) was

dose irradiation on grapefruit quality parameters such purified according to our established proceduiriart

as soluble solids, acidity and appearance, very little
information is available on the effect of low dose irra-

diation on health promoting compounds in grapefruit
such as flavanones (naringin and narirutin), limonin,

et al., 200}. Narirutin was supplied by John Manthey,
USDA-ARS, Winter Haven, FL.

2.3. Flavanone and limonin 13-p-glycopyranoside

carotenoids, lycopene and Vitamin C. The present analysis

study was undertaken to examine the effects of gamma

irradiation and simulated storage conditions on func-
tional constituents and quality of grapefruit harvested
in different seasons.

2. Material and methods

‘Rio Red’ grapefruit were collected from an orchard
at the Texas A&M University-Kingsville Citrus Cen-

Samples were analyzed accordin@trhow (2000)
for flavanone content by reverse phase liquid chro-
matography with some maodifications. An aliquot of
juice was diluted 1:1 with dimethylsulfoxide, and sub-
sequently centrifuged and filtered though a Qu#%
nylon filter. Twenty microliters of solution was in-
jected into the HPLC system. Separation of flavonoid
compounds was performed using a stainless-steel
Adsorbosil C-18 column (250« 4.6 mm i.d.) and
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a solvent system of acetonitrile (ACN)/water plus
5mM phosphoric acid starting at 10% and end-
ing at 26% ACN concentration. The narirutin and
naringin peaks were detected at 280 at retention
times of 25 and 27 min, respectively. The flavanones
were identified by matching their respective spectra
and retention times with those of commercially ob-
tained standards. Extraction and quantification meth-
ods used for flavanones were employed for limonin
174-p-glycopyranoside; however, it was detected at
210mm with a retention time of 47 min.
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ment were presented for flavor analysis. We also pre-
sented whole ‘Rio Red’ grapefruit (five fruit) that were
included for appearance evaluations. Separate booths
were used to conduct preference evaluations. Hedonic
scale ranging from extremely dislike to extremely lik-
ing (1-9) were used by judges to indicate their pref-
erences through vertical lines.

2.6. Statistical analysis

The data was analyzed using ax52 factorial de-

Peak areas were normalized to the external standardsign with irradiation dose and storage as factors (GLM
and a standard curve was fitted by linear regression procedures, SAS Institute Inc., Cary, NC). Tukey's test

(peak areas versus concentration in mgRg Total
flavanones were calculated by combining naringin and
narirutin concentrations.

2.4. Vitamin C analysis

One ml of juice was homogenized with 3ml of
citric acid (3%). An aliquot of 0.8 ml was centrifuged
at 4000mir! for 20min and filtered through a
0.45pm nylon filter (Alltech Associates, Deerfield,
IL). Twenty microliters of this solution was injected
into the HPLC system. A Waters Bondpak-C-18 col-
umn (30x 0.4 cm) with a guard column was used for
separation. The mobile phase contained acetonitrile:
water (70:30, v/v) with 0.01M ammonium phospho-
ric acid at the flow rate of 1.5mlImirt. Vitamin
C was detected at 25pn with a retention time of
6 min. Soluble solids (%) and titratable acidity were
measured using standard practices.

2.5. Consumer preference evaluation

During both early and late season, fruit were evalu-

was employed for all mean separation analyses.

3. Results and discussion

3.1. Changes in naringin, narirutin and total
flavanones

Irradiation and low-temperature storage signifi-
cantly affected the flavanone content of grapefruit.
In general, the early season grapefruit exposed to
low doses of irradiation (70 and 200 Gy) followed by
storage (35 days) had significantli < 0.05) higher
naringin Fig. 1), narirutin Fig. 2) and total flavanone
concentrations Kig. 3) compared to the initial (0O
day) flavanone concentrations. This increase may be
attributed to an increase in phenylalanine ammonia
lyase (PAL) activity during low temperature storage
(Faragher, 1983and low dose irradiation exposure
(Oufedjikh et al., 200p Fruit exposed to 200 Gy ir-
radiation, after the simulated storage conditions, had
numerically higher total flavanone content compared
to other treatments. Interestingly, an increase in irradi-

ated for consumer acceptability by 10—12 average un- ation dose resulted in decrease of naringin, narirutin,
trained panelists (Texas A&M University-Kingsville and total flavanone content immediately after irra-
Citrus Center). Preference evaluation was conducteddiation. Furthermore, decrease in flavanone contents
to determine the flavor and external appearance of thewas more evident at higher doses (400 and 700 Gy).
fruit both during initial (O day of the treatment) and fi- Our results are consistent with reports @fifedjikh

nal evaluation (after 35 days of simulated storage con- et al. (1996) The same authors also reported that
ditions as explained above). Quantitative preference the concentration of flavanone glucosides and poly-
rating (American Society for Testing and Materials, methoxylated flavones were significantly lower in
1968 was used to evaluate ratings for flavor and exter- irradiated fruit (300 Gy) at 0 day of storage. The de-
nal appearance for irradiated and control fruit. Eight crease in flavanone content was ascribed to their role
slices were prepared from each fruit and four slices in counteracting the oxidative stress induced by the
(randomly selected from five fruit) from each treat- gamma irradiation. Variations in the flavanone content
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Fig. 1. Irradiation and storage effects on naringin content of early and late season ‘Rio Red’ grapefruit. Asterisk indicates significant
(P < 0.05) differences between the mean values of 0 and 35 days after storage for early harvest fruit. Same letter on the bar for early
harvest (0 day) fruit indicates no significant differencesPat 0.05.

at different doses of irradiation treatment may be due higher temperature at the late season) and differences

to equilibrium between gamma irradiation induced
oxidative stress and de novo synthesis of flavonoids
by increased PAL activity@ufedjikh et al., 1995

Our results seem to suggest that gamma irradiation
had a differential effect on early and late harvest grape-
fruit. Non-irradiated (0 Gy) grapefruit showed signifi-
cantly higher concentrations of narirutin as compared
to fruit irradiated at or above 200 Gy in early harvest
fruit at O day of storage. Total flavanone content was
significantly higher in late season non-radiated fruit
compared to irradiated fruit after the 35 days of stor-
age. Interestingly, irradiation had no significa®t £
0.05) effect on naringin content of late season grape-
fruit. In general, flavanone concentrations were de-
creased with increasing irradiation dose even in the
late season grapefruit, and storage had a positive ef-
fect on flavanone concentrations. The observed vari-
ations in the concentrations of flavanones at similar
irradiation doses from different seasons could be at-
tributed to the differences in climatic conditions (ex.

in maturity/senescence of the fruit.

3.2. Changes in terpenoidg-carotene, lycopene,
total carotenoids and limonin glucoside)

In both early and late season, applied doses of irra-
diation and 35 days of storage affected the terpenoid
content Figs. 4—7. While both irradition and storage
influenced terpenoid content of grapefruit, the stor-
age effect was more pronounced than the irradiation
effect. Irrespective of the irradiation treatment, early
season grapefruit had significantli < 0.05) higher
levels of B-carotene after the 35 days of storage con-
ditions than their initial (O day) leveHg. 4). On the
contrary, in late season fruit, irradiation had no effect
on thep-carotene content of grapefruit before or after
35 days of storage conditionSebastiao et al. (2002)
reported that gamma irradiation doses of 0, 10 and
20kGy neither affecte@-carotene nor contributed to
the decrease of Vitamin A. Late season fruit treated
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Fig. 2. Irradiation and storage effects on narirutin content of eal

harvest (0 day) fruit indicates no significant differencesPat 0.05.

with low doses of irradiation (70 Gy) had significantly
(P < 0.05) higher levels of lycopeng-{g. 5 com-
pared to fruit exposed to higher doses of irradiation
(700 Gy) after the irradiation and storage. While early
season fruit did not show storage or irradiation effects,
late season fruit exhibited considerable decrease in ly
copene content when fruit were stored up to 35 days
Moreover, initial lycopene content of late season fruit
was significantly lower than early season fruit. These
results indicate that maturity of grapefruit plays a cru-
cial role in the carotenoid content of pigmented grape-
fruit. Grapefruit pulp attains maximum pigmentation

rly and late season ‘Rio Red’ grapefruit. Asterisk indicates significant
(P < 0.05) differences between the mean values of 0 and 35 days after storage for early harvest fruit. Same letter on the bar for early

total carotenoid content in early season grapefruit ex-
cept for fruit exposed to 400 Gy irradiation treatments
(Fig. 6).
Limonin 17-p-glucopyranoside (LG) content of
early-season fruit was not significantly affected by
- irradiation or storageHig. 7). However, higher LG
. content was recorded in fruit after 35 days of storage
irrespective of the irradiation treatment in both early
and late season fruit.
Late season grapefruit differed from early season
fruit in their response to storage and irradiation. Stor-
age and irradiation did not influence tigecarotene

in the early season but color deteriorates as the seasorcontent of late season fruit after the simulated stor-
progressesruse et al., 1979 Grapefruit carotenoid,  age conditions. Late season fruit contained lower total
especially lycopene, appears to decline as the seasorcarotenoidsf-carotene and lycopene) concentrations
progresses from October to Malyge, 2000. Thus, it compared to early season fruit. It has been shown that
is possible that degradation of pigmentation initiated some plants respond to oxidative stress induced by
in late season fruit might have continued during the low temperatures by increasing the levels of antioxi-
storage, thus, resulting in reduced lycopene content dants, such as carotenoids, and also by an increase in
after 35 days of storage. the activity of some antioxidative enzymeSchoner

Itis interesting to note that no significant differences and Krause, 1990; Walker and McKersie, 1R98is
(P < 0.05) were recorded between initial and final interesting that late season fruit contained higher LG
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content than early season fruit. Very little information Late season fruit exposed to an irradiation greater

is available to relate oxidative stress and LG. than or equal to 200 Gy caused a marked reduction in
Vitamin C content after 35 days of storaded. 8). A
3.3. Changes in quality previous study reported that irradiation doses of more

than 250-1500 Gy in grapefruit showed a decreasing

Citrus fruit are important sources of Vitamin C in trend in Vitamin C contentYanez et al., 1990 Our
the human diet. Our study demonstrated that irradia- results indicate that stress induced by irradiation above
tion doses of up to 700 Gy had no significant effect on 200 Gy, coupled with low temperature stress may be

Vitamin C content of early-season grapefriitd. 8). harmful to the late season crop.
Previous studies suggest that loss of Vitamin C is min-  Quality characteristics such as soluble solids (%),
imal up to dose of 1000 GyThomas, 198p In gen- TA or brix/acid ratios were not affected due to irra-

eral, doses adequate for quarantine purposes showedliation or storage of early season frufiigs. 9-1).

no significant loss in the Vitamin C content of several Moshonas and Shaw (1984pund no significant
citrus fruit. In Spain, studies in clementine fruit irra-  differences in the quality of control and irradiated
diated up to 500 Gy along with hot water treatment (300 Gy) grapefruit. However, late season fruit had
and fruit stored at 17C for 3 weeks showed an in- lower soluble solids (%) and acidity values than
crease in Vitamin C contenfpdellaoui et al., 1996 early season fruit and the soluble solids/acid ratio
Moshonas and Shaw (198ported that 1000 Gy of  after 35 days of storage were slightly higher than
gamma irradiation had no effect on Vitamin C con- the initial ratios. Late harvest grapefruit exposed to
tent of grapefruit. It is possible that Vitamin C may irradiation (70-700Gy) retained acidity better than
not be the primary defense mechanism of fruit against the fruit not exposed to irradiation (0 G¥ig. 9).
the oxidative stress induced by gamma irradiation in Initial soluble solids (%) was the lowest in the late
early harvest. In general, 35 days of storage resulted season fruit exposed to 700 Gy irradiation; however,
in no significant changes in Vitamin C content of early no differences among treatments were observed after
season fruit. storage.



61

B.S. Patil et al. / Postharvest Biology and Technology 34 (2004) 53-64

P<0.05

2777727772772 700707

V27077000007 000 220200 20000 22022 o707

V2722222222772 777770700707

VI 7277702722222722270202 2772022722077 72220727

V2272722227727 27772770 77

V7070707000700 0000002022 2o 227702

V2272722:272277277770770 70700 277700727772

V2727777777002 720 00 220700 70070 r 7o 77777

V777722272272222772222722222777772277 70722

(7772000070002 2700 20002 22 20 7o 72

350 ~

300 A

T T T T
o o o o
n o n o
N N - —

(;.B> Bw) proe 2101095y

50 A
0

200 400 700

Irradiation dose (Gy)

70

I Early harvest- 0 d

Early harvest- 35 d after storage

BN Late harvest-0d

Late harvest - 35 d after harvest

Fig. 8. Irradiation and storage effects on ascorbic acid content of early and late season ‘Rio Red’ grapefruit.

V2770770000000 000000 0 r 2

Q2722777700000 00000 0 e 2 s 2

V7722770022000 700002200 02200 0 s 2 v

VL7777 0 200007 7000022000702,

V7777700000000 027 272 2

(2777772270702722207202720 2000 22 2 27

V7700727700222 02 000072022 720000 s o 2227

VL7222 00 700022200200 0000 220220770

7 77z70000mmmnzzzzzzzzzz;z;z;zz;zzz;z;;z;y

Y 272707700007077000700 007000 0 e dr s 2

T T 1
N i o

(,H Ww) Auproy

700

400

200

70

Irradiation dose (Gray)

I Early harvest - 0 days

Early harvest - 35 days after storage

BN Late harvest - 0 days

Y

XY Late harvest - 35 days after harvest

Fig. 9. Irradiation and storage effect on acidity of early and late season ‘Rio Red’ grapefruit.



B.S. Patil et al. / Postharvest Biology and Technology 34 (2004) 53-64

62

V7277222722277227722772722777272077727 707707727

V/10222770700072020 2022000000202 202 0 2o s 7o 22077

222272222222222222222227727227 7277777772772 7777

V7027707077000 700 700077000220 207722

2z 77,

V1707070077007 7000 70007020 2000 2070 s s v

7777777727777 000 000007

V7777707722722 00000 2200022002 200 2 22 020022222207

V27772272222:2722277727227272777722777 7722277

V7777707770700 7000 2000 27 s s s 7V

12 4

T T T T

10 A

(%) spijos ajanjos

o) © < N o

200 400 700

Irradiation dose (Gy)

70

I Early harvest - 0 d

Early harvest - 35 d afterstorage

BN Late harvest-0d

XY Late harvest- 35 d after harvest

Fig. 10. Irradiation and storage effects on soluble solid (%) content of early and late season ‘Rio Red’' grapefruit.

V7777770000000 0 777

2z

(LLL77777002020222022 000000 202222272

Lz2z2z222222222272772277707 707000000

V7777277777000 027272277272

pzz2zzzzzzz;2z;2z2z;z;z;72

(2770777270707 7070 7000000007200,

V2722222222777 7000 000000

VL7770 7007 2007 202070007020 2270 722

2z 72777772

25 4

T
o
N

T T T 1
0 o n o

— —
olfel pioe/spios |aNnjos

200 400 700

Irradiation dose (Gy)

70

I Early harvest-0d

Early harvest - 35 d after storage

BN Late harvest-0d

Late harvest - 35 d after harvest

Fig. 11. Irradiation and storage effects on soluble solids/acid content of early and late season ‘Rio Red’ grapefruit.
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Table1 in early-season was not affected by low dose or 35 days
Gamma irradiation and 35 days of storage effects on appearance nf storage; however, late-season grapefruit quality was
fl f ‘Rio Red’ fruit L
and flavor of "Rio Red" grapefrui adversely affected. Irradiation treatments and 35 days
Treatment  Early-season Late-season of storage influenced both flavanone and terpenoid
Appearance  Flavor Appearance  Flavor Conte_nts of grapefruit; however, tht_a latter was more
prominent. In most cases, the optimal dose for en-

0 7.4 a 6.71 a 6.71 a 6.56 a . . . . .

70 707 ab 603ab 632a 613 a hancmg bioactive constituents in early-season grape-
200 6.82 ab 607 ab  6.32 a 5g8a Iruitwas at or below 200 ppm, and for the late season
400 6.78 b 593ab 6.16 a 576 a  crop, the optimal dose was 70 Gy. These results indi-
700 5.75¢ 5.46 b 6.4 a 576 a  cate that it is important to consider the harvest date

Subjective scale: (1) extremely dislike and (9) extremely like. Data When developing low dose irradiation quarantine tech-

are means of 12 samples during each harvesting season. Means imiques. Further studies on equilibrium between reduc-

a column followed by the same letter are not significantly different tjon in bioactive constituents due to gamma irradiation

LR R and de novo synthesis of these constituents at different
time intervals during bioactive storage are essential to

Positive benefits in bioactive components may not understand the mechanism.

have any practical significance, if irradiation used

for quarantine purpose makes the fruit unmarketable.
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ated fruit is one of the important requirements in

terms of consumer acceptability. Sensory qualities  Funding for this research was provided through a
such as appearance and flavor of early season grapegrant from USDA-CSREES (2000-34402-9589 and
fruit exposed to irradiation treatments at or below 2001-52102-11257). The authors would like to thank
400 Gy were comparable to the control after 35 days Dr. Julio Loaiza, Ms. Anna Hale and Mrs. Lavanya
storage with the exception of the 700 Gy treatment, Reddivari for their critical comments during the
which was found to be detrimentalgble ). Ap- manuscript preparation.
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