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Antioxidant Capacity of Lettuce Leaf Tissue Increases after
Wounding
Ho-MIN KANG AND MIKAL E. SALTVEIT*

Mann Laboratory, Department of Vegetable Crops, University of California, One Shields Avenue,
Davis, California 95616-8631

Wounding induced the accumulation of phenolic compounds in Iceberg and Romaine lettuce leaf
tissue. Phenolic concentrations were quantified after holding the leaf tissue at 10 °C for 48 h as the
absorbance of a methanol extract at 320 nm, and by the Folin—Ciocalteu method. Heat-shock
treatments applied by immersing tissue in 45 °C water for 2.5 min before or after wounding reduced
the accumulation of phenolic compounds. Compared to the nonwounded, nonheat-shocked controls,
these and other wounding and heat-shock treatments produced leaf tissue with a 4-fold range in
phenolic content. The antioxidant capacity of the tissue, measured as DPPH (a,o-diphenyl-j-
picrylhydrazyl)-radical scavenging activity, or as ferric-reducing antioxidant power (FRAP), increased
after wounding. The increase was linearly correlated with the increase in phenolic compounds in
Iceberg (R? > 0.97) and in Romaine (R? > 0.95) lettuce leaf tissue. Increased consumption of diets
rich in phenolic antioxidants may contribute to reducing human diseases. Treatments that reduce
the browning of wounded lettuce leaf tissue by preventing the oxidation of the accumulated wound-
induced phenolic compounds may produce a healthier fresh-cut product than treatments that prevent
the wound-induced synthesis and accumulation of phenolic compounds with antioxidant properties.
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INTRODUCTION where the initial levels of phenolic compounds are low and
increase as the result of wound-induced increases in enzyme

Lettuce leaf tissue contains small amounts of phenolic synthesis.

compounds when the plants are grown under nonstressful . L
i L . Many phenolic compounds are antioxidants that may con-
conditions (). The activity of the phenylpropanoid pathway . . ina h . h
increases under stressful conditions (e.g., mechanical injury) andtr.lbu'[e to reducing uman diseases (e.g., cancer qnd eart
= diseases). The beneficial effect of eating a diet rich in fruits

phenpllc .cpnr}pounds are sytheS|zed and apcumula:&d ( and vegetables has been partially attributed to the increased
Physical injuries that occur (_Jlurlng the pre_pgratlon of fresh-qut consumption of phenolic compounds with antioxidant properties
lettuce fpr packaged salads induce the gctlvny of phenylalamne (5, 6). These compounds reduce the oxidative damage that has
ammonia lyase (PAL, EC 4.3.1.5), the first and rate-controlling e jinked to arteriosclerosi)( brain disordersg), and cancer
enzyme in the phenylpropanoid pathway. Browning of fresh- ).

cut lettuce is a detrimental indicator of the oxidation of the Several recent studies of natural antioxidant phytochemicals

accumulated phenolic compounds. . o
. in foods have produced conflicting results because general
A great deal of effort has been expended to prevent browning nethods were used to evaluate antioxidant activi§).(Most

of fresh-cut fruits and vegetables. One approach is to inhibit hatyral phytochemicals with antioxidant properties are multi-
the browning reactions of the accumulated phenolic compoundsfynctional, and a reliable antioxidant protocol should measure
by excluding oxygen, adding antioxidants, or inhibiting the more than one relevant property. Two effective methods to
activity of the responsible enzymes. Another approach is to measure antioxidant capacity in foods is the DPPH-radical
prevent the synthesis and accumulation of the wound-inducedscavenging method and the ferric reducing antioxidant power
phenolic compounds. We have previously shown that a 2.5 min (FRAP). The DPPH-radical scavenging method was used to
heat-shock at 45C diminishes the ability of wounding to induce  compare the antioxidant activity of the major polyphenolic
increased PAL activity, the synthesis and accumulation of compounds in grape juices and winég)( In subsequent work,
phenolic compounds, and subsequent tissue browr8ng)( they found a high linear correlationr (= 0.95) between
However, heat-shock treatments are only effective in plant tissue antioxidant activity (DPPH-assay) and the total polyphenol
content (2). The health benefit of fruit juices has been ascribed,
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Fe(lll): their FRAP (3). The relationship between antioxidant 16
capacity, as determined by the FRAP assay, and total phenols lceberg =1 350
was linear { = 0.96) (L4). The total antioxidant capacity of tea 300
(as measured with the FRAP assay) also showed a strong linea ' 11250
correlation ¢ = 0.96) with the total phenolic content of tek5]. 10 1200
If processing fruits and vegetables (e.qg., lettuce) for fresh- 08 . 150
cut increases the antioxidant capacity of the tissue through the ' ] 1100
induced synthesis and accumulation of phenolic compounds, . 06 =
then techniques that reduce browning by inhibiting their o ,, T
oxidation may produce a more healthful product than those E 70
techniques that inhibit the synthesis and accumulation of g %2

beneficial phenolic compounds. We have previously shown that % 0.0
wounding increases the synthesis and accumulation of phenolicg 14

350

Percent increase over control

compounds in lettucel], and that their synthesis and accumula- 8 ., | Romaine
tion can be suppressed by a heat-sh@hk Research reported _g ' o 300
in this paper was done to see if wound-induced increases in<t 1.0 1250
phenolic compounds were correlated with an increased anti- (17 a0
oxidant capacity in cut lettuce leaf tissue, and whether the — °%] I T1s0
decreased production of wound-induced phenolic compounds 4 T T 100
in heat-shocked lettuce was correlated with reduced antioxidant L1 so
capacity. 04 T o
0.2

MATERIALS AND METHODS

Plant Material. Heads of Iceberg (Salinas type crisphead) and o0 Control  Wounded ~ HS  HSthen Wounded Wounded

Romaine leaf lettuce were obtained from commercial sources and stored wounded  then HS  then HS

at 0 °C until used. After discarding wrapper leaves, the next six to . . 0.9 ater 0.5 later uhlate_r

eight noninjured leaves were carefully removed and % cm midrib Figure 1. Effect of vyoundmg and/o_r heat-shock_on the phenolic content

segments were excised starting 3 cm from the base of the leaf. Of Iceberg and Romaine lettuce leaf tissue. Phenolic content was measured

Randomized samples of at least three midrib segments were used ag@s the absorbance at 320 nm of the methanol extract per gram FW. Leaf

replicates in each treatment. tissue was held for 48 h at 10 °C after treatment. The 45 °C for 2.5 min
Treatments. Randomly selected groups of three excised midrib heat treatment was applied 30 min before, 30 min after, or 12 h after

segments were rinsed in water at room temperature before treatmentwounding. Values are expressed as absorbencies at 320 nm g~* and as

Heat-shock treatments (i.e., immersion in %5 water for 2.5 min) percent of the nonwounded, nonheat-shocked control. The line on top of

were applied to whole leaves 30 min before mid-rib excision, 30 min  the vertical bar represents + SD (n = 8).

after excision, or 12 h after excision. A home salad spinner was used

to remove excess water. Treated segments were held &€ 10 a solution and 0.5 mL of 100 mM acetate buffer (pH 5.5). The tubes
flow of ethylene free, humidified air<95% RH) sufficient to keep  \ere mixed for 15 s, and after standing for 30 min, the absorbance of
the CQ level below 0.15%. After 48 h, replicated samples were (1o mixture was measured at 517 nirs)
removed for analysis. ) Ferric-Reducing Antioxidant Power (FRAP) Assajie assay was
Determination of Phenolic Compounds.Absorbance at 320 nm. based upon the methodology of Benzie and Stra®).(The FRAP
The concentration of phenolic compounds was measured as describedeagent was prepared fresh so that it contained 1 mM 2,4,6-tripyridyl-
by Ke and Saltveit2); briefly, 10 g of mid-rib tissue was homogenized  3_triazine (TPTZ) and 2 mM ferric chloride in 0.25 M sodium acetate
in 20 mL of HPLC grade methanol using an Ultra-Turrax tissue at pH 3.6. A 100uL aliquot of the methanol extract prepared above
homogenizer (Takmar, Cincinnati, OH) at moderate speed (setting of \y55 added to 900L of FRAP reagent, and the they were mixed. After
60) for 30 s. Lettuce tissue is about 98% water, so the extract was the mixture stood at 20C for 4 min, the absorbance at 593 nm was
about 70% methanol. Extracts were also prepared in the same way UsinGjetermined against a water blank. Calibration was against a standard
a phosphate buffered saline (PBS) solution (10 mM phosphate buffer ¢yrve (506-10004M ferrous ion) produced by the addition of freshly
pH 8.0 containing 2.7 mM potassium chloride and 137 mM sodium prepared ammonium ferrous sulfate. FRAP values were calculated as
chloride) (L6). The homogenate was filtered through four layers of icromolar ferrous ion (ferric reducing power) from three determina-

cheesecloth and centrifuged at 15Q0@r 15 min at 20°C. The  tjons and are presented as percentages of the control. The FRAP assay
absorbance of an aliquot of the supernatant was read at 320 nm usinghas been successfully used with 50% ethanol or methanol ext2asts (
a UV—vis spectrophotometer (Shimadzu UV-160A).( 21), with extracts in an aqueous buffer4), and with distilled water

Folin—Ciocalteu MethodThe total phenolic content in the methanol  extracts {5). We ran assays with the methanol extract, and with extracts
extracts was determined according to the Felihocalteu procedure prepared using the phosphate buffered saline (PBS) solution.
(17). The Folin-Ciocalteu method is commonly used to measure
phenolic content a}lthough it is not comple_tely specific for phenolic_ EXPERIMENTAL PROCEDURES DESIGN
compounds (i.e., it is effected by other constituents), and not all phenolic
compounds exhibit the same level of activity in the assay. However, it ~ Each experiment was repeated at least twice with similar results.
does give a good general measure of phenolic content. AlL@Gliquot All treatments were replicated at least four times within each experi-
of the supernatant was combined with 50 of Folin—Ciocalteu’s ment. Means and standard errors were calculated from pooled data.
reagent and 400L of sodium carbonate (7.5%). The tubes were mixed
for 15 s and then allowed to stand for 30 min at ZD. Absorption RESULTS AND DISCUSSION
was measured at 765 nm using the tY¥%s spectrophotometer. The . . . . .
total phenolic content was expressed as gallic acid equivalents (GAE) Phenolic Content. Wounding induced an increase in the
in milligrams per gram of tissue. phenolic content in both Iceberg and Romaine lettlgégures
Antioxidant Measurement. DPPH (a,c-Diphenyl3-picrylhydrazyl) 1 and 2). Phenolic content measured as absorbance of the
Radical Scaenging Actiity. A 0.5 mL aliquot of the methanol extract ~ methanol extract at 320 nm increased 330% for Iceberg and
prepared above was mixed with 0.25 mL of an ethanolic 0.5 mM DPPH 305% for Romaine held at 18C for 48 h Figure 1). When
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Centrol  Wounded HS HS then Wounded Wounded
wounded thenHS  then HS
06 hlater 05 hlater 12 h later as absorbance at 320 nm was 45Big@re 1), and 42% as
Figure 2. Effect of wounding and/or heat-shock on the phenolic content measured by the FolinCiocalteu methodRigure 2).
of Iceberg and Romaine lettuce leaf tissue. Phenolic content was measured Wounding and the heat-shock treatments produced a 4-fold
using a Folin—Ciocalteu assay of the methanol extract. Leaf tissue was range of phenolic contents in both types of lettuce. These data
held for 48 h at 10 °C after treatment. The 45 °C for 2.5 min heat treatment were used to evaluate the two methods used to measure phenolic
was applied 30 min before, 30 min after, or 12 h after wounding. Values content, and the relation between phenolic content and anti-
are expressed as micrograms of gallic acid quivalents per gram FW and oxidant capacity. The phenolic content of the lettuce measured
as a percent of the nonwounded, nonheat-shocked control. The line on as absorbance of the methanol extract at 320 nm was highly

top of the vertical bar represents + SD (n = 8). correlated with the FolirCiocalteu measuremenfigure 3).

L L The Folin—Ciocalteu value is given by the equation [(7.286
measured by the FolinCiocalteu method, wounding increased = p g 320)+ 0.647], with anR2 of 0.995 for Iceberg lettuce

phenolic content by 280% in Iceberg lettuce and 290% in and by the equation [(6.094 Abs 320)— 0.161], with anR2

Romaine I.ettuceFﬁgure 2). ] ) ) of 0.988 for Romaine lettuce. Absorbance at 320 nm was a very
A 2.5 min heat-shock at 45C increased phenolic contentin  ygjiaple measure of total phenolics in both Icebd®g= 0.994)

nonwounded Iceberg lettuce byo 76% oor 74%, and in non- 504 RomaineR? = 0.977) lettuce leaf tissue (data not shown).
wounded Romaine lettuce by 45% or 34% when measured asqyever, each type of lettuce generated slightly different

absorbance at 320 nriigure 1), or Folin—Ciocalteu method
(Figure 2), respectively. These heat-shock induced changes were,
significant, but small in comparison to the much larger increases
induced by wounding.

Applying the heat-shock either 30 min before or 30 min after
wounding produced the same level of reduction in wound-
induced phenolic synthesis in Iceberg lettuce whether measure
as absorbance at 320 nm (a 45% reductiéngre 1) or by

relationships between the two methods. These differences could
be the result of the synthesis and accumulation of different
phenolic compounds or the presence of other absorptive
compounds (e.g., carotenoids, tocopherols, ascorbic acid, and
reduced glutathione) in the lettuce tissue. However, lettuce
sually has low levels of these antioxidant compounds, and the
(ﬂ]ajor phenolic compounds detected in wounded Iceberg and

the Folin—Ciocalteu method (a 42% reductioigure 2). In g?{;ﬁ;geaLe;tg?:af}/;ifarf:rlgéogggg‘( isochlorogenic, caffeol-
contrast, applying the heat-shock 30 min after wounding was o - o o
significantly more effective in reducing phenolic accumulation ~ Antioxidant Capacity. Wounding increased the antioxidant
in wounded Romaine lettuce by both assays than applying thecapacity of both types of lettuce. The DPPH assay indicated
heat-shock 30 min before Wounding whether measured asthat WOUnding increased the antioxidant Capacity of |Ceberg and
absorbance at 320 nm (a 52% reduction versus a 40% reductionRomaine lettuce by 140% and 255%, respectivéigre 4).
(Figure 1) or by the Folin-Ciocalteu method (a 58% reduction The heat-shock alone also increased the antioxidant capacity
versus a 48% reductionfigure 2). of Iceberg and Romaine lettuce, but the increase was only 33%
Delaying the heat-shock for 12 h after wounding reduced its and 40%, respectively. Applying a heat-shock either 30 min
effectiveness, but it still produced a significant decrease in before or after wounding depressed the increase in wound-
phenolic accumulation in both types of lettuce as measured byinduced antioxidant capacity by 35% in Iceberg lettuce. In
both assays. In Iceberg lettuce, the wound-induced increase inRomaine lettuce the timing was important with application of
phenolics as measured by absorbance at 320 nm was reducethe heat-shock 30 min before wounding producing a 37%
17% (Figure 1), and the Folin-Ciocalteu value was reduced reduction and a 56% reduction if applied 30 min after wounding.
21% (Figure 2). In Romaine lettuce the reductions as measured Delaying the heat-shock treatment for 12 h after wounding
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Figure 4. Effect of wounding and/or heat-shock on the antioxidant capacity
of Iceberg and Romaine lettuce leaf tissue. Antioxidant capacity was
measured as the DPPH-radical scavenging activity of the methanol extract.
Leaf tissue was held for 48 h at 10 °C after treatment. The 45 °C for
2.5 min heat treatment was applied 30 min before, 30 min after, or 12 h
after wounding. Values are expressed as percent of the nonwounded,
nonheat-shocked control. The line on top of the vertical bar represents +
SD (n = 8).

0.5 h later 0.5h later 12 h later

Figure 5. Effect of wounding and/or heat-shock on the antioxidant capacity
of Iceberg and Romaine lettuce leaf tissue. Antioxidant capacity was
measured using the FRAP assay of the methanol (FRAP MeOH), or
phosphate buffered saline (PBS) solution (FRAP PBS) extract. Leaf tissue
was held for 48 h at 10 °C after treatment. The 45 °C for 2.5 min heat
treatment was applied 30 min before, 30 min after, or 12 h after wounding.
Values are expressed as percent of the nonwounded, nonheat-shocked
control. The line on top of the vertical bar represents + SD (n = 8).

reduced its effectiveness so that the wound-induced level wasthe absorbance at 320 nm increased from 0.32 for control tissue
only reduced by 7% in Iceberg lettuce and by 22% in Romaine to 1.38 for wounded Iceberg leaf tissue, the DPPH value
lettuce. increased linearlyR? = 0.994) from 100% to 240% of control
Although different in magnitude, both the FRAP/PBS and for all treatments including the heat-shock treatments. The values
FRAP/MeOH assays gave results similar to those obtained with for both FRAP/MeOH and FRAP/PBS showed a similar linear
the DPPH assay for the various wound and heat-shock treat-increase from 100% of control to 227%2= 0.993) and 248%
ments Figure 5). In the following discussion, FRAP/PBS and  (R? = 0.976) of control, respectively, for all treatments including
FRAP/MeOH values are averaged because they were similarthe heat-shock treatments. A similar linear relationship was
for each lettuce type and treatment. Wounding Iceberg and observed between the absorbance at 320 nm as it increased from
Romaine lettuce leaf tissue produced a 137% and a 175%0.29 to 1.17, and the corresponding values for DPRH=
increase, respectively, in FRAP values compared to the non-0.988), FRAM/MeOH R? = 0.980), and FRAP/PBSR¢ =
wounded control. The heat-shock treatment alone increased theéd.958) for Romaine lettuce.
FRAP value by 42% in Iceberg and 39% in Romaine lettuce. = Wounding increased the phenolic content (absorbance at 320
Applying the heat-shock to Iceberg lettuce tissue either 30 min nm) in Iceberg lettuce by 330%, whereas it only increased the
before or after wounding produced the same level of reduction antioxidant capacity by 140%. In contrast, wounding increased
in wound-induced increases in the FRAP values. In contrast, the phenolic content of Romaine lettuce by 305% and the
applying the heat-shock treatment 30 min after wounding antioxidant capacity by 255%. It appears that the wound-induced
Romaine lettuce leaf tissue was more effective in reducing the phenolics produced in Romaine lettuce had more antioxidnat
wound-induced increase in FRAP than applying it 30 min before capacity than the phenolics induced by wounding in Iceberg
wounding. Applying the heat-shock 12 h after wounding still lettuce. However, the presence of other compounds with
reduced the wound-induced increase in FRAP in both types of antioxidant capacity in these two types of lettuce could have
lettuce, but the reduction was only about half of that produced influenced the antioxidant assay.
when it was applied 30 min after wounding. Effect of Reducing Tissue Browning on Antioxidant
Relation between Phenolic Content and Antioxidant Capacity. Both measures of phenolic content (absorbance at
Capacity. The increase in phenolic content in the lettuce tissue 320 nm and Folir-Ciocalteu) were highly correlated:{ >
following the various treatments was linearly correlated with 0.94) with both measures of antioxidant capacity (DPPH and
the antioxidant capacity of both types of lettu€égure 6). As FRAP) in leaf tissue from both types of lettuce (Iceberg and



7540 J. Agric. Food Chem., Vol. 50, No. 26, 2002 Kang and Saltveit

300 LITERATURE CITED
Iceberg
250 -§ (1) Toma-Barbefa, F. A.; Loaiza-Velarde, J.; Bonfanti, A.; Saltveit,
s M. E. Early wound- and ethylene-induced changes in phenyl-

propanoid metabolism in harvested lettudeAm. Soc. Hortic.
Sci. 1997, 122, 399-404.
(2) Ke, D.; Saltveit, M. E. Wound-induced ethylene production,

200

y =124.41x + 69.67

R2 = 0976 FRAP/MeOH

150

FRAP/PBS DppH Y= 115:92¢+60.49 phenolic metabolism and susceptibility to russet spotting in
R?=0.993 Iceberg lettucePhysiol. Plant.1989 76, 412—418.
100 = Jm 157 77x 2 5514 (3) Loiza-Velarde, J. G.; TonsaBarbefa, F. A.; Saltveit, M. E.
R2=0.994

Effect of intensity and duration of heat-shock treatments on
wound-induced phenolic metabolism in Iceberg lettuteAm.
Soc. Hortic. Scil997 122 873-877.

(4) Loaiza-Velarde, J. G.; Saltveit, M. E. Heat shocks applied either

50

Antioxidant capacity (percent of control)
o
]

400 - before or after wounding reduce browning of lettuce leaf tissue.
Romaine : J. Am. Soc. Hortic. ScR001, 126, 227—234.
350 y=286.1x + 14.29 (5) Ames, B. M.; Shigena, M. K.; Hagen, T. M. Oxidants, antioxi-
300 R?=0988 el dants and the degenerative disease of agingc. Natl. Acad.
DPPH f /2 Sci. U.S.A1993 90, 7915-7922.
250 (6) Hertog, M. G. L.; Feskens, E. J. M.; Hollman, P. C. H.; Katan,
200 §i' - S F RAP/PBS ,,,,,,,,,,, M. B.; Kromhout, D. Dietary antioxidant flavonoids and j risk
y=1§?‘=3“:',’f;5 2606 of coronary heart disease: The Zutphen Elderly Stublye
150 g Lancet1993 342, 1007~—1011.
/ FRAP/MeOH (7) Fuller, C. J.; Jialal, I. Antioxidants and LDL oxidation, p H15
100 = y =196.21x + 54.08 130. In: H. S. Garewal (ed.pAntioxidants and disease pren-
50 Rizos® tion; CRC Press: Boca Raton, FL, 1997.
(8) Cantuti-Castelvetri, |.; Shukitt-Hale, B.; Joseph, J. A. Neuro-
0 ' ' ' ' ' ' ' behavioral aspects of antioxidants in agitml. J. Dev. Neurosci
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

200Q 18, 367—381.
(9) Steinmetz, K. A.; Potter, |. D. Vegetables, fruit, and cancer
prevention: A reviewJ. Am. Diet. Assnl996 96, 1027-1039.
(10) Frankel, E. N.; Meyer, A. S. The problems of using one-
dimensional methods to evaluate multifunctional food and

Absorbance (320 nm-g™)

Figure 6. Relationship between phenolic content and antioxidant capacity
of the lettuce leaf tissue. Phenolic content was measured as the

absorbance at 320 nm of the methanol extract. Antioxidant capacity was biological antioxidantsJ. Sci. Food Agric.200Q 80, 1925~
measured as the DPPH-radical scavenging activity of the methanol extract, 1941.

and the FRAP assay of the methanol (FRAP MeOH), or phosphate (11) Sanchez-Moreno, C.; Larrauri, J. A.; Saura-Calixto, F. Free
buffered saline (PBS) solution (FRAP PBS) extract. Values are expressed radical scavenging capacity and inhibition of lipid oxidation of
as percent of the nonwounded, nonheat-shocked control. Data were taken wines, grape juices and related ployphenolic constituéiutsd

from Figures 4 and 5. The line on top of the vertical bar represents + Res. Int.1999 32, 407-412. _

SD (n = 8). (12) Sanchez-Moreno, C.; Larrauri, J. A.; Saura-Calixto, F. Free

radical scavenging capacity of selected red, rose and white wines.
J. Sci. Food Agric1999 79, 1301-1304.
Romaine). Modulating the phenolic content in lettuce leaf (13) Gardner, P. T.; White, T. A. C.; McPhail, D. B.; Duthie, G.

i b binati f di d heat-shock treat G. The relative contributions of vitamin C, carotenoids and
ISsue by a combination or wounding an eat-shock treat- phenolics to the antioxidant potential of fruit juicémod Chem.

ments produced similar changes in the antioxidant capacity of 2000 68, 471-474.

the tissue as in the phenolic content. It appears that accumulation (14) Deighton, N.; Brennan, R.; Finn, C.; Davies, H. V. Antioxidant
of the phenolic compounds 5-caffeoylquinic (chlorogenic acid), properties of domesticated and wild Rubus spedieSci. Food
3,5-dicaffeoylquinic (isochlorogenic), caffeoyltartaric, and di- Agric. 200Q 80, 1307-1313.

caffeoyltartaric acid that are induced by wounding Iceberg and (15) Benzie, I. F. F.; Szeto, Y. T. Total antioxidant capacity of teas
Romaine lettucel) could improve the antioxidant capacity of by the ferric reducing/antioxidant power assdyAgric. Food

Chem.1999 47, 633-636.
16) Benzie, I. F. F.; Chung, W. Y.; Strain, J. J. “Antioxidant”
(reducing) efficiency of ascorbate in plasma is not affected by

fresh-cut lettuce. However, the accumulation of these phenolic (
compounds is associated with subsequent tissue browning, and

browning of fresh-cut lettuce reduces its quality and shelf life concentrationJ. Nutr. Biochem1999 10, 146-150.

(22—25). (17) Singleton, V. L.; Rossi, I. A. Colorimetry of total phenolics with
A number of treatments have been developed to reduce phospho- molybdic-phosphotungstic acid reagehuts. J. Enol.

browning of fresh-cut lettuce. Some, such as treatments with Viticult. 1965 16, 144-158.

(18) Abe, N.; Murata, T.; Hirota, A. Novel 1,1-diphenyl-2-picryl-
hydrazyl-radical scavengers, bisorbicillin and demethyltricho-
dimerol, from a fungusBiosci., Biotechnol., Biochertt99§ 62,

antioxidants and calcium solutions, and exclusion of oxygen,
reduce browning by reducing the oxidation of the accumulated

wound-induced phenolic compoundg5). Others, such as 661—662.

using sharp knifes to minimize wounding, storage aC0and (19) Benzie, I. F. F.; Strain, J. J. The ferric reducing ability of plasma
heat-shocks, reduce browning by reducing the synthesis and (FRAP) as a measure of “Antioxidant Power”: The FRAP assay.
accumulation of phenolic compounds. Treatments that prevent Anal. Biochem1996 239 70-76.

the browning of fresh-cut lettuce with elevated levels of phenolic  (2%) G20 X.; Bjork, L.; Trajikovski, V.; Uggla, M. Evaluation of

. . . antioxidant activities of rosehip ethanol extracts in different test
compounds induced by wounding should produce a healthier systemsJ. Sci. Food Agric200Q 80, 20212027
product thar) anti-browning treatments that V_Vork by reducing (21) Jimenez-Escrig, A.; Jimenez-Jimenez, |.; Pulido, R.; Saura-
the synthesis and accumulation of wound-induced phenolic Calixto, F. Antioxidant activity of fresh and processed edible

compounds. seaweeds]. Sci. Food Agric2001, 81, 530-534.



Antioxidant Capacity of Lettuce Leaf J. Agric. Food Chem., Vol. 50, No. 26, 2002 7541

(25) Saltveit, M. E. Physical and physiological changes in minimally
processed fruits and vegetables. Phytochemistry of Fruit and
Vegetables. InProceedings of the phytochemical society of
Europe Tomzas-Barbefa, F. A., Robins, R. J., Eds.; Clarendon
Press: Oxford, U.K., 1997; ISBN 0 19 85 7790 7, Vol. 41, pp

(22) Amiot, J. M.; Fleuriet, A.; Veronique, C.; Nicolas, J. Phenolic
compounds and oxidative mechanisms in fruit and vegetables.
Phytochemistry of fruit and vegetables. Rtoceedings of the
phytochemical society of Europomas-Barbefta, F. A., Robins,

R. J., Eds.; Clarendon Press: Oxford, U.K., 1997; ISBN 0 19

85 7790 7, Vol. 41, pp 5185. 205-220.
(23) Brecht, J. K. Physiology of lightly processed fruits and veg-
etables HortSciencel 995 30, 18-21. Received for review July 1, 2002. Revised manuscript received

(24) _Lopez-GaIvez, G.;_Saltvelt, M E. Cant_vv_elll, M. 1. Wounq- September 30, 2002. Accepted September 30, 2002.
induced phenylalanine ammonia lyase activity: factors affecting
its induction and correlation with the quality of minimally
processed lettucd?osthaw. Biol. Technol.1996 9, 223—-233. JF020721C



