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Carotenoids from New Apricot (  Prunus armeniaca L.) Varieties
and Their Relationship with Flesh and Skin Color
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Research Group on Apricot Breeding, Department of Plant Breeding, and Research Group on Quality,
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Thirty-seven apricot varieties, including four new releases (Rojo Pasion, Murciana, Selene, and
Dorada) obtained from different crosses between apricot varieties and three traditional Spanish
cultivars (Currot, Mauricio, and Bulida), were separated according to flesh color into four groups.
The L* a* b* hue angle, and chroma color measurements on the skin and flesh as well as other
quality indices including flesh firmness, soluble solids, titratable acidity, and pH were plotted against
the total carotenoid content measured by HPLC. Among the 37 apricot varieties, the total carotenoid
content ranged from 1512 to 16500 ug 100 g~* of edible portion, with -carotene as the main pigment
followed by j-cryptoxanthin and y-carotene. The wide range of variability in the provitamin A content
in the apricot varieties encouraged these studies in order to select the breeding types with enhanced
carotenoid levels as the varieties with a higher potential health benefit. The carotenoid content was
correlated with the color measurements, and the hue angle in both flesh and peel was the parameter
with the best correlation (R = 0.92 and 0.84, respectively). An estimation of the carotenoid content
in apricots could be achieved by using a portable colorimeter, as a simple and easy method for field
usage applications.
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INTRODUCTION not only the total carotenoid content but also the proportions

Scientific interest in the carotenoid content and the distribution ©f €ach carotene species (i.:,andfs- carotene) as is the case
patterns in fruits and vegetables has revived since it was With Péaches and plums (7). . _
discovered that carotenoids are important not only because of Several studies have correlated the color with the pigment
the color they impart but also because they show protective Content of different fruits and vegetable}.(The color intensity

activity against a variety of degenerative diseasg®)(1n 1933, of -carotene in a food has been considered to be a reliable
Brockmann (3) conducted one of the first studies on the indication of vitamin A value, and thus color measurements have

and p-carotene was found to be the principal pigmed). ( ~ carotenoid content (9).

Numerous other carotenoids are present in apricots but in small This study was carried out to characterize the carotenoid

amounts (<2%) such as phytoene, phytofluepearotene, content of the new apricot varieties. In addition, the high number

lycopene S-cryptoxanthin, and lutein4). Apricots have been  Of evaluated varieties coming from different genetic origins and

described as one of the most important dietary sources ofWith a large phenotypic variability could provide valuable

provitamin A carotenoids because 250 g of fresh or 30 g of information about carotenoid content in the apricot species. The

dried apricots provide 100% of the recommended daily allow- relationship between the color of the peel and flesh and total

ance (5). The carotenoids of ripe apricots have been poorly carotenoids was established due to the convenience and ease

studied (4); changes in the individual pigments and their Of using color measurements instead of long, tedious, and costly

transformation during the developing, ripening, and senescentchemical methods.

stages (Phave also received little attention. The subspecies and

varieties of the fruit species analyzed are rarely monitored, and MATERIALS AND METHODS

together with location and year, genotype is known to influence ) . . )
Plant Material. The plant material assayed included 30 apricot

. C i h lenhore3a 968396315: fart 34 968396213: varieties and 4 new releases (Rojo Pasion, Murciana, Selene, and
e-mai?g?gﬁ)g@ncéggsgtsigre(g epho » fax ' Dorada) obtained from different crosses between apricot cultivars from
t Research Groub on -Apr'icot Breeding. the apricot breeding program carried out at the research institute

§ Research Group on Quality, Safety and Bioactivity of Plant Foods. =~ CEBAS-CSIC (Murcia, Spain). In addition, three traditional Spanish
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cultivars (Currot, Mauricio, and Bulida) were included as reference. Tapje 1. Quality Index Values in White, Yellow, Light Orange, and
All of the varieties were cultivated in the same experimental orchard orange Flesh Apricot Varieties?
(southeastern Spain, 3K latitude, £ W longitude, and 450 m altitude)

according to habitual apricot orchard management. All varieties used harvest  fruit firm- soluble titratable
were harvested between May 9 and June 27 (2003) at the commercial variety date ness (N)  solids (%) acidity? pH
maturity stage on the basis of their skin color (fully colored). White Flesh
Immediately after harvest, fruits were transported in an air-conditioned , 11526 June5  454(5.8) 146(05) 1.10(0.03) 3.87(0.02)
car to the laboratory (55 km), where they were carefully selected to 5 149/58 May27 451(00) 16.1(0.3) 192(0.13) 3.49(0.04)
ensure that fruits were free of defects. For each variety, the ripening 7 10g/38 June05 20.7(50) 155(0.1) 143(0.07) 3.73(0.06)
stage was based on assessing fruit firmness and surface color in all cyrot May12 458(10.9) 11.0(0.8) 152(0.05) 3.71(0.02)
fruits. Three replicates of 10 fruits for each variety were selected. Fruits 7 604/12 May3l 589(124) 12.9(0.5) 2.25(0.14) 3.24(0.06)
were peeled and two wedges cut vertically from each side of the fruit. 7 501/28 June24 245(38)  152(0.1) 1.29(0.06) 3.65(0.02)
The flesh and peel were frozen separately in liquid nitrogen and kept Yellow Flesh
at— 80 °C until analyzed. The frozen fruit was ground to a fine powder 7 40517 May 9 60.1(18.7) 11.0(0.5) 2.13(0.11) 3.39(0.03)
in liquid nitrogen before sampling to ensure uniformity, and three g 4q7/g May17 445(154) 131(05) 148(0.04) 3.27(0.03)
replicates of 10 fruits each were analyzed. S 406/22 May18 495(155) 14.3(05) 204(0.10) 3.17(0.02)
Quality Indices. A trained panel of four experts classified the  7209/1 June20 32.3(5.4) 14.8(0.4) 1.34(0.03) 3.51(0.04)
apricots visually into four groups according to the perception of the Mauricio May26  43.7(8.00 11.2(0.1) 1.86(0.05) 3.58(0.02)
flesh color as white, yellow, light orange, and orange flesh varieties. Z102/19 June27 29.4(45) 17.0(03) 120(0.05) 3.68(0.02)
Skin and flesh color, firmness, titratable acidity (TA), pH, and soluble Light Orange Flesh
solids content (SSC) were evaluated as quality indices. Color values 7 506/7 May15 23.8(54) 117(03) 156(0.02) 3.36(0.01)
on the surface (ground skin color) and after peeling in the flesh were Rojo Pasion May17  41.8(7.8) 11.3(01) 1.41(0.03) 3.36(0.03)
measured with a Minolta chroma meter (CR-300, Minolta, Ramsey, 7 111/61 June17 43.8(9.0) 16.6(0.5) 1.09(0.04) 3.75(0.06)
NJ) tristimulus color analyzer calibrated to a white porcelain reference Dorada June24 29.0(5.2) 13.8(0.1) 1.15(0.02) 3.69(0.04)
plate. The color space coordinates, a*, b*, hue angle [H°= Z502/6 May29 43.6(13.9) 146(0.5) 150(0.08) 3.71(0.02)
arctangent (¥a*)], and chroma §*2 + b*2)2were determined around ~ Blida May29 493(6.8)  10.7(0.1) 1.31(0.06) 3.55(0.04)
the equatorial region in three different positions (with an average of Murciana ~ June05 268(47)  12.6(0.2) 0.90(0.06) 3.78(0.04)
nine times for each apricot). Fruit firmness was evaluated by a Z115/13 Junel2 37.3(82) 141(07) 117(0.07) 3.81(0.02)
compression test using a Lloyd instrument (model LR10K, Fareham Orange Flesh
Hants, U.K.) equipped with two (12 18 cm) flat plates. The maximum 7 308/6 June7  309(76) 13.1(0.3) 1.78(0.09) 3.33(0.02)
force required to deform the fruit 5 mm at a speed of 25 mm/min, Z201/13 May28 46.2(5.2) 125(0.2) 2.10(0.06) 3.27(0.05)
with the slice lying on the bottom plate, was recorded. TA was Z211/18 June2  529(64) 13.2(0.3) 243(0.04) 3.23(0.04)
determined by titrating 5 mL of juice with 0.1 mol "t NaOH to pH Z308/9 Junel2 342(87) 113(0.1) 151(0.08) 3.40(0.03)
8.1 by an automatic titration systertQj. The pH values were measured S 401/33 May18  47.8(13.3) 11.4(0.1) 1.96(0.07) 3.22(0.02)
using a pH-meter, and SSC was determined with an Atago N1 handheld Z203/8 June 15 249(39)  16.7(05) 2.09(0.04) 3.23(0.02)
refractometer (Tokyo, Japan). The ripening stage values for each variety S 404/42 May21  57.7(124) 104(01) 220(0.13) 3.24(0.01)
are shown inTables 1and?2 (color values) Z505/2 June3  403(10.3) 12.8(0.2) 1.18(0.08) 3.58(0.08)
. . i 721206 June5  655(205) 14.3(05) 2.44(0.04) 3.26(0.01)
Extraction of Carotenoids. The procedures used were as described 7 4539 June11 37.3(15.6) 13.2(0.3) 1.55(0.12) 3.47(0.04)
by Wl’ight and Kader (11) based on the method of Hart and Stﬁ)t ( Selene June 7 36.7 (7.3) 12.8(0.4) 2.37(0.05) 3.21(0.02)
for the determination of carotenoids by HPLC. The sample of frozen g 102/43 May3l 46.4(16.9) 13.6(0.4) 2.38(0.10) 3.29(0.01)
fruit material (5 g) was homogenized with an Ultra Turrax (Ika, Staufen, 7 207/4 June3  35.7(9.7) 14.1(0.3) 2.18(0.05) 3.27(0.01)
Germany) for 2 min on ice, with 10 mL of extraction solution 7 203/15 June7  39.8(37) 13.1(0.3) 219(0.12) 3.22(0.06)
(methanol/hexane 1:1), and then the homogenates were centrifugedz 402/16 June2  475(107) 135(1.1) 228(0.02) 3.25(0.01)
(1050@) for 15 min at 2-5 °C. The supernatant was recovered carefully ~ Z 209/17 June9  242(41) 147(05) 2.03(0.11) 3.33(0.04)
to prevent contamination with the pellet. The extraction process was Z 308/12 Junell 259(6.6) 104(0.5) 1.75(0.05) 3.30(0.01)

repeated three or four times with 5 mL of hexane until no color appeared
in the hexane layer. The resulting solution was filtered through a bed  2Standard deviation (n = 3) in parentheses. ? Grams of malic acid per 100
of anhydrous Nz50; to remove the water and evaporated to dryness mL of juice.
in the rotary evaporator at 3%C. The pigments were collected with
acetone to a volume of 2 mL, filtered through a 0.45-um Osmonics/
MSI cameo nylon filter (Fisher Scientific, Los Angeles, CA), and kept
refrigerated until the analysis by HPLC, for a period not exceeding 12
h.

HPLC-DAD Analyses of Carotenoids. At the beginning of the
extraction procesgj-apo-8'-carotenal was added (0.6 mg/5 g of fruit

material) to all samples as internal standard (IS) because this pigment Dif i trati i ith th tof IS
is absent in apricots and separates well from the other carotenoids. It ifferent concentrations gf-carotene wi € same amount 0

allows the quantification of carotenoid loss during the extraction (B-apo-8'-carotenal) were added in each case to verify the calibration

process. The loss in the quantity of the IS was 12% on average during process and to make possible the calculation of carotenoid losses during

the extraction process and was uniform across the different apricot types.[N€ €xtraction processians--Carotene anfl-apo-8'-carotenal were

Samples of 2QuL of extracts were analyzed using an HPLC system Purchased from Sigma Chemical Co. (St. Louis, MO), gnttypto-
equipped with a model L-6200 pump and an AS-2000A autosampler xanthin was from Indgf_me Chemical Co. Inc. (Hllls_bqrough, NJ).
(Merck-Hitachi, Tokyo, Japan) and an SPD-M6A photodiode array y-Carot_ene was quantified fﬂscar_otene due to_ the S|m||a_r spect_ral_
UV —vis detector (Shimadzu, Tokyo, Japan). Separations were achievegdbsorption maxima. The carotenoid concentr_atlons of ap_ncot varieties
on a 250x 4 mm i.d., 5um LiChrocart C18 column (Merck, Darmstadt, ~ Were calculated in pegl and flesh by comparisons of their “peak area”
Germany) protected with a precolumn containing the same stationary Values at 450 nm with stock standard solutions and expressed as
phase. Elution was performed at a solvent flow rate of 1.5 mL/min Micrograms per 100 g of fresh weight.

and detection at 450 nm. The mobile phases consisted of acetone and Statistical Analysis.All data are means of three replicates composed
water, both of HPLC grade. First, there was a 10-min conditioning of 10 fruits with standard deviations. Correlation coefficients were
stage (EQ or equilibrium) before each injection with 85% acetone and determined by the coefficient of Pearson. Statistical analyses were
15% water. The gradient program started with 85% acetone and 15% performed using SPSS 11.5 for Windows (Chicago, IL).

water to reach 100% acetone at 15 min, 85% acetone at 16 min, and
from 16 to 22 min to reach the initial conditions. After separation, the
column was washed and returned to the initial conditions. The UV
spectra of the different compounds were recorded with a diode array
detector. The carotenoid compounds were identified on the basis of
UV—vis spectra ($-caroteng-cryptoxanthin, ang/-carotene).
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Table 2. Color Values (Reflectance Measurements L*, a*, b*, H°, and C*) at Commercial Maturity in White, Yellow, Light Orange, and Orange Flesh

Apricot Varieties?

cultivar part skin color L* a b* He b Cre

White Flesh
Z 115126 flesh 70.40 (1.91) -1.86 (1.33) 30.81(3.68) 93.45 (1.01) 30.87 (0.40)
skin white (dark rose)? 71.16 (1.50) -4.12 (1.71) 36.21 (2.15) 96.48 (1.67) 36.46 (0.93)
Z109/58 flesh 68.57 (3.50) 0.03 (1.22) 37.69 (3.47) 89.96 (0.70) 37.70 (0.40)
skin white (light red) 68.89 (1.86) 0.40 (2.25) 38.30 (2.38) 89.41(1.12) 38.31(0.54)
Z108/38 flesh 69.60 (1.74) 0.22 (1.09) 33.98 (2.20) 89.63 (0.28) 33.98(0.78)
skin white 72.09 (1.27) -2.30 (1.25) 37.08(1.19) 93.55 (0.41) 37.15(0.50)
Z501/28 flesh 67.94 (2.77) 2.55 (2.69) 41.17 (2.62) 86.47 (0.63) 41.25(1.18)
skin yellow (red) 68.41 (1.82) -0.69 (2.51) 42,66 (1.80) 90.93 (1.15) 42,67 (0.24)
Currot flesh 66.02 (3.28) 3.35(1.46) 39.56 (2.08) 85.16 (0.67) 39.70 (0.29)
skin yellow (light red) 68.07 (2.58) 3.60 (3.95) 39.33 (2.40) 84.76 (0.72) 39.49 (0.56)
7604/12 flesh 67.36 (1.98) 4.92 (1.68) 48.28 (1.59) 84.19 (0.65) 48.54 (1.04)
skin yellow 69.85 (1.16) -1.01 (2.10) 4550 (1.19) 91.27 (0.64) 4551 (0.07)

Yellow Flesh
Z 405/17 flesh 72.14 (2.52) -0.64 (2.15) 39.97 (4.02) 90.93 (0.87) 39.98 (1.25)
skin yellow (red) 73.68 (1.67) -0.83 (3.19) 44.36 (2.50) 91.10 (1.68) 4438 (1.12)
S 407/8 flesh 65.86 (4.34) 2.67 (1.50) 38.28 (2.37) 86.00 (0.73) 38.37(0.85)
skin yellow (red) 67.91(1.83) 1.38 (2.04) 47.11(1.71) 88.32(0.30) 47.13 (0.30)
Mauricio flesh 66.19 (2.46) 4,05 (1.99) 41.24 (2.58) 84.40 (1.29) 41.44(0.62)
skin yellow 68.89 (1.45) 0.38 (1.99) 4377 (1.93) 89.50 (0.67) 43.78 (0.68)
Z102/19 flesh 68.26 (2.38) 4.38 (1.98) 44.09 (1.49) 84.33 (0.15) 44.30 (0.25)
skin yellow 69.88 (1.45) 1.92 (1.56) 45.35 (1.33) 87.56 (0.70) 45.39 (0.87)
Z 209/1 flesh 69.77 (1.59) 5.71 (1.53) 44.78 (1.24) 82.73(0.21) 45.14(0.19)
skin yellow 69.02 (1.54) 439 (2.33) 47.16 (1.49) 84.68 (0.56) 47.37(0.57)
S 406/22 flesh 68.06 (2.43) 6.73 (1.48) 44.86 (2.12) 81.48 (0.52) 4537 (1.16)
skin yellow (red) 69.85 (1.59) 459 (2.15) 46.41 (1.69) 84.37 (1.24) 46.64 (0.66)

Light Orange Flesh

Dorada flesh 70.30 (1.88) 9.00 (2.82) 49.92 (2.04) 79.79 (0.99) 50.73 (0.61)
skin light orange 69.29 (1.31) 9.62 (1.65) 48.55 (0.99) 78.79 (0.69) 49.50 (0.40)
Rojo Pasion flesh 66.85 (2.72) 8.62 (2.61) 47.59 (1.70) 79.73 (0.40) 48.36 (1.32)
skin yellow (red) 67.22 (2.75) 4,01 (3.39) 44.70 (1.55) 84.87 (0.85) 44.89 (0.21)
Z111/61 flesh 68.40 (1.54) 8.51 (1.66) 44.02 (1.11) 79.07 (0.61) 44.84(0.30)
skin yellow (light red) 67.66 (1.42) 9.45 (1.53) 46.21(1.37) 78.43 (0.64) 47.17 (0.50)
Z506/7 flesh 61.90 (2.39) 8.72 (1.65) 43.73 (1.94) 78.72 (0.41) 44.59 (0.18)
skin light orange (red) 64.25 (1.68) 2.56 (2.24) 44.29 (1.45) 86.69 (1.25) 44.37 (0.06)
2502/6 flesh 66.67 (3.44) 10.02 (1.88) 46.22 (2.09) 77.76 (0.95) 47.29 (0.95)
skin light orange (dark rose) 73.16 (1.15) 3.18(1.59) 45.45 (2.25) 85.99 (1.82) 45,57 (0.42)
Bulida flesh 64.17 (1.76) 12.75 (1.83) 48.87 (1.26) 75.38 (1.51) 50.52 (0.83)
skin light orange 66.53 (1.79) 11.09 (3.03) 45.40 (1.74) 76.27 (1.05) 46.74 (0.51)
Murciana flesh 66.88 (1.68) 12.66 (1.83) 47.40 (2.07) 75.04 (0.66) 49.06 (0.90)
skin light orange (red) 68.83 (1.86) 7.94(1.97) 48.11 (1.55) 80.62 (0.50) 48.76 (0.73)
Z115/13 flesh 67.76 (1.58) 11.46 (1.93) 42.69 (1.78) 74.97 (0.35) 44.20 (1.02)
skin white (light red) 70.43 (1.65) 4.86 (2.56) 43.84 (1.95) 83.69 (2.14) 44.13(0.35)

Orange Flesh
Z 308/6 flesh 75.55 (1.97) 9.85(1.77) 53.04 (0.97) 79.49 (0.99) 53.95 (0.52)
skin light orange (red) 75.63 (1.21) 5.66 (2.27) 51.41 (1.24) 83.72 (0.85) 51.72 (0.14)
Z308/9 flesh 62.82 (1.70) 9.76 (2.31) 49.94 (2.07) 78.94 (0.27) 50.89 (0.89)
skin light orange (red) 62.13 (1.30) 4.20 (3.27) 43.85 (1.78) 84.53 (1.00) 44,06 (0.22)
Z201/13 flesh 66.16 (1.81) 12.48 (2.38) 50.00 (1.28) 75.98 (0.58) 51.53 (0.44)
skin light orange (red) 67.90 (1.55) 3.81(2.74) 46.64 (1.28) 85.33 (1.00) 46.80 (0.51)
Z505/2 flesh 68.64 (1.87) 13.95 (1.87) 51.61 (1.51) 74.87 (0.21) 53.47 (0.38)
skin light orange (red) 67.49 (1.40) 9.35(2.01) 49,69 (1.77) 79.34 (1.05) 50.57 (0.71)
S 401/33 flesh 68.63 (1.56) 14.28 (1.25) 51.52 (1.22) 74.51(0.32) 53.46 (0.20)
skin orange 69.07 (1.40) 5.08 (2.63) 46.24 (1.49) 83.73(0.84) 46.52 (0.47)
72038 flesh 65.98 (1.56) 14.04 (1.38) 47.87 (1.42) 73.65 (0.48) 49.89 (0.33)
skin light orange 65.37 (2.04) 11.41(2.07) 45,52 (1.83) 75.97 (1.73) 46.94 (1.86)
Z402/16 flesh 61.25 (2.34) 15.31 (2.13) 50.50 (1.66) 73.13 (1.13) 52.78 (0.60)
skin orange (red) 64.07 (1.46) 6.64 (2.19) 41.41(2.18) 80.88 (1.33) 41.95(0.12)
7211/18 flesh 61.33 (1.90) 15.87 (0.92) 48,53 (1.60) 71.89 (0.52) 51.06 (0.24)
skin orange 63.21 (1.56) 12.31(2.07) 43.10 (1.40) 74.06 (0.88) 44.83(0.31)
S 404/42 flesh 65.66 (1.00) 17.08 (1.06) 51.14 (1.25) 71.53(0.15) 53.91 (0.60)
skin orange 23.63 (1.60) 29.57 (2.22) 4112 (1.12) 77.32(0.72) 45,68 (0.25)
Selene flesh 69.34 (1.92) 17.93 (1.37) 53.32 (1.69) 71.41 (0.36) 56.26 (0.71)
skin orange 70.28 (1.63) 15.90 (1.87) 46.50 (1.44) 71.13 (0.68) 49.15 (0.33)
7 203/15 flesh 71.52 (1.83) 18.29 (1.84) 53.70 (0.95) 71.19 (0.63) 56.73 (0.52)
skin orange (light red) 69.68 (1.05) 1415 (2.21) 49.35 (1.30) 74.00 (0.54) 51.34 (0.53)
740312 flesh 66.87 (1.53) 14.87 (1.91) 43.42 (1.42) 71.10 (1.06) 45.90 (0.57)
skin light orange (red) 67.32 (1.05) 10.67 (2.57) 45.23 (1.47) 76.73 (0.47) 46.47 (0.67)
72126 flesh 64.51 (1.73) 18.90 (1.93) 53.54 (1.49) 70.55 (0.70) 56.78 (0.32)
skin orange 62.76 (1.48) 16.86 (2.61) 45.36 (2.40) 69.60 (0.88) 48.40 (0.79)
S 102/43 flesh 64.65 (1.11) 19.57 (0.98) 51.33(1.26) 69.13 (0.75) 54.93 (0.73)
skin orange 63.46 (1.35) 14.23 (1.55) 45.01 (1.83) 72.45 (1.11) 47.21(1.13)
720917 flesh 62.18 (1.72) 18.76 (0.91) 47.48 (1.32) 68.45 (0.26) 51.05 (0.74)
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Table 2. (Continued)

cultivar part skin color L* a* b* He b cre
Orange Flesh (Continued)
skin orange (orange-red)? 63.63 (1.27) 11.72 (2.55) 4412 (1.19) 75.12 (0.77) 45.65 (0.62)
Z308/12 flesh 63.45 (1.23) 20.72 (0.95) 51.39 (1.11) 68.04 (0.37) 55.41 (0.46)
skin orange (red) 63.97 (1.30) 17.78 (2.25) 47.71 (1.49) 69.56 (1.14) 50.92 (0.71)
Z207/4 flesh 62.46 (1.38) 20.44 (0.67) 49.96 (1.30) 67.75 (0.23) 53.98 (0.87)
skin orange (orange-red) 63.55 (0.77) 13.02 (2.38) 43.96 (1.10) 73.50 (0.50) 45.85 (0.40)

aStandard deviation (n = 3) in parentheses. ® H° = hue value = arc tg (b*/a¥). ¢ C* = color intensity (chroma) = (a2 + b*2)Y2, 9Blush color of skin given in
parentheses.

mAbs
1000

RESULTS AND DISCUSSION

Quality Indices and Color Evaluation. The trained panel
classified the apricot varieties into four groups according to the
perception of the flesh color as white, yellow, light orange, and
orange. This color perception was independent of the harvestsoo
date because some of the white or orange flesh varieties were

harvested early in mid-May and some others with the same flesh 23

colors were harvested later in mid-Jufi@ble 1). The quality MJ LM»\

indices of the apricot varieties including fruit firmness, soluble ¢

solids content (SSC), titratable acidity (TA), and pH identified 0 10 20 30 in

the fruits used in this study as ripe and ready-to-eat apricots
(Table 1). Fruit firmness ranged from soft fruits (24.6 N) to
very firm (60.1 N), and the large variation was one of the
intrinsic characteristics of the specific variety (independent of

the harvest date or other quality attributes). SSC ranged from a5 it was present in a very small amount. The total carotenoid
10.4 to 16.7% and was also inherent to the apricot variety and cgntents varied from 13589 100 g in the flesh of a white
independent of the harvest date. The most significant differencefgsh variety to 385229 100 gt in the peel of an orange flesh
among the color groups was noted in the pH and TA of the apricot variety Table 3). The percentages gf-carotene,
white and orange flesh apricot varieties. TA was higher and g_crytoxanthin, andy-carotene contents in the four groups of
pH was lower in the orange flesh than in the white or yellow zpricots did not follow any particular pattern. Tecarotene
flesh varieties Table 1). These results agree with those ranged from 48% in a white flesh variety to 88% in an orange
previously reported for peaches and nectarines (7). A wide flesh apricot. In previous studigs;carotene accounted for some
variability in the quality indices among the studied varieties 0oy of the total carotenoid conter®)( Therefore, in our case,
was observed and could be due to the different genetic origins.there was a wide range of variability among the new apricot
Exceptional apricots have been described as having a balancgarieties.5-Crytoxanthin ranged from 5% in an orange flesh
of sugar and acidity as well as arom8]. Most of the new  gpricot to 28% in a yellow flesh apricat-Carotene varied from
varieties obtained achieved the most important quality criteria 5o4 in an orange flesh variety to 26% in a white flesh one.
for consumer demand. Similars percentage of each individual carotenoid were detected
The analysis of the color values showed that the lightness in both flesh and peel. However, the total carotenoid content
factor, L*, in general, decreased from the white flesh to the was, in general, 2—3 times higher in the peel than in the flesh.
orange flesh varietiesT@ble 2). The decrease af* reflected The carotenoids described in a previous study of two Japanese
the darkening of the apricot varieties by carotenoid accumula- apricot varieties showed a similar patten, whgearotene was
tion. TheL* value in the skin was, in general, slightly higher about 70%-crytoxanthin, 7%, ang-carotene, 7% (14). The
than in the flesh for the same variety. The value increased  variety with less-carotene and3-crytoxanthin and more
as an indicator of the increase in the red color from negative y-carotene was described as slightly more reddish in color
values in those white and yellow flesh varieties to posiive  compared with the other variety (14). These previous findings

Figure 1. HPLC chromatogram of apricot extracts at 450 nm. Peaks:
(1) p-apo-8'-carotenal (IS); (2) S-cryptoxanthin; (3) y—carotene; (4)
p-carotene.

values in the light orange and orange flesh variefie(e 2). were not able to be corroborated because in our case the changes
In general, th@* value was higher in the flesh than in the skin in the content of bottg-crytoxanthin andy-carotene did not
for the same variety. Thig* value (—b*, blue; and+b* yellow) depend on the flesh color.

and chromaQ*) increased in the orange flesh variety compared ~ Some papers have recommended that research studies focus
to the white flesh ones. The hue angle has been described as @n those carotenoids which dominate, in terms of quantity, and
suitable and intuitively understandable color index (for example, on those showing a provitamin A activitg$). Consequently,
red, yellow, blue, etc.)q). It decreased from 96.4& the white the carotenoids phytoene, phytofluene, @acharotene should
flesh variety to 69.56%n the orange flesh ones. This decrease be of no antioxidative significancd$). Because provitamin A
in hue angle was from the yellow to the orange stage due to carotenoids includg-carotenes-cryptoxanthin, and-carotene,
carotenoid accumulation. in our case, only8-carotene ang-cryptoxanthin were consid-
Carotenoid Content of Apricot Varieties. f-Carotene was  ered, and the content of the different apricot varieties is shown
found to be the main pigment in the 37 studied varieties followed in Table 3. The daily intake of provitamin A can only be
by p-cryptoxanthin andy-carotene. A characteristic HPLC achieved by consuming 100—200 g per day of fruits and
chromatogram is presented Kigure 1. A trace of another  vegetables with particularly high carotenoid contet®).(Some
carotenoid with a highetr (retention time) was observed at of the new apricot varieties showed a high provitamin A content,
the end of the chromatogram, but identification was not possible with content as high as 2 mg per 100 g. This is one of the richest
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Table 3. Carotenoid Pigments Content at Commercial Maturity in White, Yellow, Light Orange, and Orange Flesh Apricot Varieties (P. armeniaca

L.)a
[-Crypto- total
variety part skin color xanthin y-carotene p-carotene provitamin AP carotenoids®
White Flesh

7115126 flesh 254 (91) 182 (75) 924 (353) 175 (66) 1512 (444)
peel white (dark rose)? 628 (47) 417 (73) 1969 (423) 381 (67)

7109/58 flesh 267 (148) 188 (102) 1078 (475) 202 (91) 1877 (658)
peel white (light red) 640 559 4059 730

7108/38 flesh 325 (85) 230 (35) 1189 (582) 225 (103) 1880 (673)
peel white 671 (115) 423 (62) 2139 (462) 412 (86)

Currot flesh 672 (291) 690 (310) 1264 (476) 267 (104) 2833 (1038)
peel yellow (light red) 1159 (232) 1097 (220) 2638 (257) 536 (45)

7604/12 flesh 734 (93) 472 (36) 1724 (471) 348 (86) 3224 (597)
peel yellow 1060 (194) 687 (110) 4378 (890) 818 (132)

7501/28 flesh 681 (30) 557 (63) 1948 (774) 381 (128) 3376 (766)
peel yellow (red) 940 (72) 761 (56) 3566 (366) 673 (64)

Yellow Flesh

Z 405/17 flesh 211 (76) 231 (73) 2007 (561) 352 (98) 2694 (584)
peel yellow (red) 594 (24) 652 (42) 3867 (477) 694 (78)

S407/8 flesh 317 (84) 385 (85) 2199 (425) 393 (77) 3692 (524)
peel yellow (red) 716 (96) 1154 (351) 9567 (422) 1654 (65)

S 406/22 flesh 667 (63) 417 (44) 2026 (264) 393 (47) 3770 (347)
peel yellow (red) 1267 (180) 1359 (108) 7609 (371) 1374 (75)

Z209/1 flesh 978 (59) 493 (52) 1971 (404) 410 (66) 3885 (54)
peel yellow 1451 (158) 787 (157) 6009 (401) 1122 (80)

Mauricio flesh 506 (114) 579 (123) 3089 (535) 557 (99) 4579 (637)
peel yellow 1076 (100) 1070 (224) 6420 (550) 1160 (95)

7102/19 flesh 674 (123) 421 (52) 3374 (254) 619 (37) 4907 (191)
peel yellow 951 (75) 623 (37) 7647 (158) 1354 (23)

Light Orange Flesh

7506/7 flesh 914 (94) 704 (77) 2648 (166) 518 (31) 4920 (201)
peel light orange (red) 1444 (51) 1855 (46) 8049 (727) 1462 (119)

Rojo Pasion flesh 678 (111) 613 (52) 3741 (216) 680 (38) 6028 (391)
peel yellow (red) 1079 (50) 1787 (196) 12934 (1423) 2246 (239)

Z111/61 flesh 944 (136) 544 (108) 4992 (697) 911 (127) 6979 (859)
peel yellow (light red) 1090 (71) 818 (77) 10014 (380) 1760 (62)

Dorada flesh 1361 (380) 1019 (200) 4325 (718) 834 (151) 7405 (1154)
peel light orange 2157 (206) 1485 (134) 10659 (321) 1956 (55)

750216 flesh 1143 (257) 1146 (443) 4642 (726) 869 (128) 7471 (1124)
peel light orange (dark rose) 1562 (79) 1618 (105) 9634 (717) 1736 (118)

Bllida flesh 1627 (274) 1852 (375) 3668 (365) 746 (84) 7637 (936)
peel light orange 2338 (194) 2615 (152) 7545 (224) 1452 (22)

Murciana flesh 1052 (193) 901 (36) 5768 (432) 1049 (56) 9088 (153)
peel light orange (red) 1828 (140) 2262 (73) 18410 (780) 3221 (139)

711513 flesh 1314 (157) 1055 (158) 6882 (429) 1257 (84) 9556 (651)
peel white (light red) 1579 (254) 968 (184) 10081 (845) 1812 (156)

Orange Flesh

7 308/6 flesh 1504 (206) 926 (116) 5307 (304) 1010 (64) 8062 (554)
peel light orange (red) 1857 (307) 990 (132) 8464 (350) 1566 (66)

7201/13 flesh 1300 (85) 1050 (25) 4953 (80) 934 (18) 8260 (94)
peel light orange (red) 2264 (102) 1315 (105) 14086 (374) 2536 (64)

721118 flesh 2147 (310) 1359 (123) 5505 (359) 1097 (63) 10472 (574)
peel orange 2261 (262) 2980 (216) 19580 (350) 3452 (79)

73089 flesh 679 (98) 544 (141) 8944 (933) 1547 (157) 10649 (913)
peel light orange (red) 1479 (176) 919 (67) 13076 (1001) 2303 (156)

S 401/33 flesh 2228 (264) 1627 (107) 5616 (86) 1122 (36) 10883 (462)
peel orange 3031 (502) 3728 (190) 17996 (320) 3252 (66)

72038 flesh 1432 (240) 994 (148) 8050 (313) 1461 (72) 11118 (976)
peel light orange 1375 (191) 1183 (223) 14927 (1523) 2602 (270)

S 404/42 flesh 1689 (40) 1815 (40) 7307 (562) 1359 (96) 11984 (747)
peel orange 2831 (405) 2664 (199) 18051 (2455) 3244 (442)

7505/2 flesh 2118 (425) 1447 (233) 8214 (601) 1546 (127) 12932 (1010)
peel light orange (red) 2128 (278) 2955 (206) 19226 (419) 3382 (93)

221216 flesh 3045 (704) 1894 (360) 6856 (754) 1396 (184) 13476 (421)
peel orange 2802 (78) 3588 (153) 23609 (292) 4168 (42)

740312 flesh 2355 (702) 1435 (353) 9794 (38) 1829 (65) 13831 (975)
peel light orange (red) 2373 (451) 1265 (210) 12752 (505) 2323 (121)

Selene flesh 2393 (338) 1507 (113) 9265 (56) 1744 (37) 14007 (485)
peel orange 2955 (93) 2348 (108) 17063 (1351) 3090 (218)

S 102/43 flesh 2211 (336) 1836 (240) 7911 (180) 1503 (58) 14417 (638)
peel orange 3412 (160) 4610 (66) 30500 (1245) 5368 (205)

Z207/4 flesh 729 (75) 766 (38) 11058 (537) 1904 (87) 14524 (498)
peel orange (orange-red)? 3789 (290) 4463 (340) 25636 (586) 4589 (100)

7203/15 flesh 3137 (483) 2111 (165) 8267 (343) 1639 (48) 14604 (425)
peel orange (light red) 3254 (310) 3547 (136) 18572 (961) 3367 (136)
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Table 3. (Continued)

j-crypto- total
variety part skin color xanthin y-carotene [-carotene provitamin A? carotenoids®
Orange Flesh (Continued)

Z 402/16 flesh 2529 (226) 2260 (189) 9421 (477) 1781 (61) 14986 (116)
peel orange (red) 1493 (63) 1225 (11) 19985 (1015) 3455 (164)

Z209/17 flesh 2399 (110) 2314 (98) 10272 (566) 1912 (95) 16054 (577)
peel orange (orange-red) 2145 (200) 2858 (182) 21645 (1680) 3786 (278)

Z308/12 flesh 3672 (1126) 2444 (535) 9248 (147) 1847 (98) 16500 (1591)
peel orange (red) 4835 (498) 3257 (161) 19657 (471) 3679 (89)

aMeans in ug 100 g fresh weight. Standard deviations (n = 3) in parentheses. 21U of provitamin A/mg of fresh fruit = (166.7 x mg of S-carotene + 83.3 x mg of
B-cryptoxanthin) 100 g~ fresh fruit. ¢ Total carotenoids = «g 100 g~* of fresh weight from the edible portion (91% flesh + 9% peel). ¢Blush color of skin given in
parentheses.

Table 4. Average of Flesh Color Value, Total Carotenoids, and Table 6. Correlation Coefficients between Carotenoids and Color
Provitamin A in White, Yellow, Light Orange, and Orange Flesh Indices?
Apricot Varieties (P. armeniaca L.)2
L* ar b* H° c*
flesh color He° fleshb total carotenoids® provitamin Ad Apricot Flesh
white 88.14a 2450 a 296 a p-cryptoxanthin - -0.240  0.843%  0.714%  -0.814*  0.771
yellow 84.97 a 3921 a 524 a y-carotene -0.379*  0.856**  0.696**  -0.835*  0.758**
light orange 77.55b 7385 Db 957 b [-carotene -0.383*  0.885*  0.685*  -0.882**  0.756**
orange 72.45¢ 12750 ¢ 1669 ¢ provitamin A -0.377* 0.909** 0.711* —0.903** 0.783**
total carotenoids ~ -0.380*  0.935**  0.741*  -0.924*  0.813*
2Values with different letters showed statistically significant differences at the Apricot Peel
5% level, according to Duncan’s multiple-range test. » H> = hue value = arc tg B-cryptoxanthin-~ -0321  0.778* 0395  -0.822*  0.596*
(b*/a¥). © Total carotenoids = g 100 g~ of fresh weight from the edible portion y-carotene ‘0-319* 0-695:: 0-306* ‘0-761: 0-487::
(91% flesh + 9% peel). @ Provitamina A = IU of provitamin A/mg of fresh fruit gr'g%gt;?ne A :82;(2)* 8;%** 822151* :ggg** 82;3**

from the edible portion (91% flesh + 9% peel). wotal carotenoids ~ ~0.371*  0.762% 0350+  —-0.839" 0538

Table 5. Correlation Coefficients between Total Carotenoids and

. : @Pearson’s correlation coefficients. * **, significant at P < 0.05 or 0.01,
Quality Indices?

respectively.
maturity :‘li?rﬁ—] soluble "atlr)?g y=-0.1496x + 89.668
date ness solids  acidity pH H flesh R=0.92
total carotenoids® 0221 —-0.089 -0.163 0.417* —0.455%  -0.939* 100 -
90
@Pearson’s correlation coefiecients. *, **, significant at P < 0.05 or 0.01, 80 -
respectively.  Total carotenoids in the edible portion. 70 |
£ 60
carotenoid fruits along with other fruits such as grapefruit, 8 /|
papaya, nectarine, and some more recent pineapple cultivars; 4 |
The data on the carotenoid content of the edible portion were |
calculated by considering 9% peel and 91% flesh, which
correspond with the whole fruit except the kernel (Table 3). 204
This content ranged from 1512 to 165080 100 g of edible 104
portion. In the case of apricots, it is very important to emphasize 0 ‘ ‘ ‘ ‘ ' ' ' ‘ '
that the peel is consumed as an edible portion in contrast with 0 2000 4000 6000 8000 10000 12000 14000 16000 18000
other fruits such as peaches, because it is the richest portion of total carotenoids (ug 100 g™ fresh weight)
the apricot, with its carotenoid content-3 times higher than  Figure 2. Correlation between total carotenoids in flesh (g 100 g of
in flesh. fresh weight) and flesh color value (H°).

The new apricot varieties were separated according to flesh
color into four groups: white, yellow, light orange, and orange. poor correlation coefficient was shown in the case of titratable
The average total carotenoid and provitamin A contents in eachacidity and pH Table 5). The hue angle of the flesh had the
group are shown iifable 4, where significant differences were  highest correlation 0f-0.939 (P < 0.01), showing that the
observed between the groups except for white-yellow flesh relationship between total carotenoids and color was linear
apricots. The same behavior was detected for the hue angleTable 5). The correlations between color parameters and the
(Table 4). individual and total carotenoids found in the flesh and peel are

Relationship between Color and Carotenoid Content. shown inTable 6. The color parametees, b*, hue angle, and
Regression analysis was performed on the quality indices chroma showed good correlations with individual and total
including color values and total carotenoids. Correlation analysis carotenoids in both flesh and peel. The best correlation was
was carried out to determine the strength of the linear relation- observed between total carotenoids afidialue in the case of
ship between total carotenoid content and quality indices. No flesh R = 0.93), whereas for the peel it was between total
correlation was observed between total carotenoid content andcarotenoids and hue angle € 0.84). The decrease of hue angle
maturity stage, flesh firmness, and soluble solids, whereas awas directly associated with the content of carotenoids, and
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y=-0.0648x+92.474 (3) Brokmann, H. Die carotinoide der apriko$&(nus armeniacp
R=0.84 Z. Physiol. Chem1933,216, 45.
100 - (4) Curl, A. L. The carotenoids of apricotsood Res.1960, 24,
90 | 190—196.
(5) Bolin, H. R.; Stafford, A. E. Effect of processing and storage
80 1 on provitamin A and vitamin C in apricotd. Food Sci.1974,
70 1 39, 1034—1036.

60 | (6) Katayama, T.; Nakayama, T. O. M.; Lee, T. H.; Chichester, C.

'g,)gc 50 | 0. Carotenoid transformations in ripening apricots and peaches.
T o4l J. Food Sci1971,36, 804—806.
(7) Gil, M. |.; Tomas-Barberan, F. A.; Hess-Pierce, B.; Kader, A.
30 A. Antioxidant capacity, phenolic compounds, carotenoids and
20 vitamin C of nectarine, peach and plum cultivars from California.
10 4 J. Agric. Food Chem2002,50, 4976—4982.
0 . . . . ‘ . . . ‘ ‘ (8) Arias, R.; Lee, T. C.; Logendra, L.; Janes, H. Correlation of
0 4000 8000 12000 16000 20000 24000 28000 32000 36000 40000 lycopene mea;ured by HPLC with the’. a, b.* color read_lngs_
of a hydroponic tomato and the relationship of maturity with
total carotenoids (ug 100 g™ fresh weight) color and lycopene contend. Agric. Food Chem2000, 48,
Figure 3. Correlation between total carotenoids in peel (ug 100 g~ of 1697-1702.
fresh weight) and skin color value (H°). (9) Ameny, M. A.; Wilson, P. W. Relationship between hunter color

values ang3-carotene contents in white-fleshed African sweet-

therefore hue angle is the most appropriate color reading for ggtlai%%ss(lpomoea batatasm). J. Sci Food Agric1997,73,

estlmhatllr_lghthe CaroFenOId Ccr>]ntent Ir! qprlch: E!g(ltr)es ijd ibed (10) AOAC. Official Methods of Analysis, 14th ed.; Association of
3). The light transmittance characteristics have been describe Official Analytical Chemists: Ariington, VA, 1984; pp 414

to be useful in assessing the desired harvest maturity in peaches, 420.

nectarines, and apricot$¥). In the case of tomato, the increase  (11) wright, K. P.; Kader, A. A. Effect of controlled-atmosphere

in the a* value was related to lycopene synthed ( storage on the quality and carotenoid content of sliced persim-
The correlation between the carotenoid content, measured by mons and peache®.ostharvest Biol. Technoll997,10, 89—

HPLC, and the hue angle of the apricot skin and flesh measured 97.

with a portable Minolta chroma meter has been established. The (12) Hart, D. J.; Scott, K. J. Development and evaluation of an HPLC

carotenoid content of apricots can be accurately predicted with method for the analysis of carotenoids in foods and the

the use of a portable chroma meter. It is an easv. convenient measurement of the cz_arotenoid content of vegetables and fruits
P Y, ) commonly consumed in the UKzood Chem1995,54, 101—

and nondestructive method that provides a good estimation of 111
the carotenoid content of apricots. Due to this result, most of (13) Gurrieri E.- Audergon, J. M.: Albagnac, G.; Reich, M. Soluble

the principal apricot breeding programs could use the hue angle sugars and carboxylic acids in ripe apricot fruit as parameters
as a quality criterion to select new varieties with higher for distinguishing different cultivar&uphytica2001, 117, 183—
carotenoid contents. Apricot color has a large influence not only 189.
on consumer perception of quality but also on nutritional (14) Kobayashi, K.; Miyamoto, K.; Akuta, S. Studies on carotenoid
recognition for their vitamin A content. pigments and colour of fruits in Japan. Part lll. The carotenoids
of apricots.Bull. Fac. Agric. Yamaguti Uniz1970,21, 139—
ABBREVIATIONS USED 146. . _ _
(15) Mdller, H. Determination of the carotenoid content in selected
IS, internal standardg, retention time; SSC, soluble solids vegetables and fruit by HPLC and photodiode array detection.
content; TA, titratable acidityH®, hue angle. Z. Lebensm. Unters. Forsch997,204, 88-94.
(16) de Rigal, D.; Gauillard, F.; Richard-Forget, F. Changes in the
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