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Abstract. This study examined the effects of high humidity (>95%) and airflow on fresh
peach [Prunus persica (L.) Batsch.] quality. Peaches were stored in high airflow at 98 %,
88%, and 67% relative humidity (RH) (6, 5.6, and 4.3C, respectively) and negligible
airflow at 100%, 95%, and 81% RH (6, 5.6, and 4.3C, respectively). Fruit weight loss,
penetrometer force, impact variables, and bruise occurrence from a single 15-cm drop
impact were measured over 20 days of storage. Fruit stored at a low vapor pressure deficit
had a lower rate of weight loss, with drop impact values characteristic of firmer fruit than
fruit stored at higher vapor pressure deficits. High airflow increased weight loss and
decreased fruit firmness, but had only a secondary effect on localized humidity. Penetrom-
eter force and bruise occurrence were less sensitive than drop impact variables in detecting
differences in fruit firmness due to treatments.
Table 1. Analysis of variance probabilities for significant F values of weight loss and peach impact variables.

Independent Wt loss Force/time Contact Absorbed
variable (% per day)z (N/ms) time (ms) energy (%)
VPDy 0.001 0.094 0.465 0.001
Airflow 0.001 0.001 0.001 0.004
The success of the fresh produce market
depends on the industry’s ability to provide
high-quality products. Fruit are at the highest
quality for a relatively short time, usually just
before harvest and continuing past peak fruit
quality. Postharvest handling cannot restore
fruit quality, but postharvest handlers can strive
to minimize quality reductions and to remove
defective fruit. Improved handling and stor-
age methods and knowledge of their effect on
quality maintenance are needed to provide
decision makers with alternative steps be-
tween harvest and consumption.

Measures of peach quality such as color,
maturity, ripeness, flesh firmness, and weight
loss can be quantified but remain only impre-
cise indicators. Actually, each of these indica-
tors is a component of the complex character-
istic called quality. The characteristic used by
the consumer to refer to quality may differ
from the term used by scientists.

Fruit weight loss during storage is influ-
enced by the surrounding temperature, humid-
ity, and airflow (Grierson and Wardowski,
1978). Water loss is important; Sastry (1985)
described it in terms of a driving force [i.e.,
vapor pressure deficit (VPD) and its resis-
tance, i.e., transpiration coefficient].
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Fruit weight loss has been reported (Wells,
1962) as linearly related to the VPD. Water
loss can be lowered by reducing VPD between
the fruit surface and the surrounding air through
lower air temperature, higher humidity, or by
creating a barrier to water transfer (Wills et al.,
1989).

The VPD of the surrounding air becomes
critically important to fruit and vegetables
immediately after harvest (Grierson and
Wardowski, 1978). Fresh-picked ripe peaches
need to be cooled within a few hours, but
cooling less-ripe peaches can be delayed for
≤ 8 h before fruit firmness changes (Garner et
al., 1987). Lowering storage temperature to
5C retarded reduction in quality (Shewfelt et
al., 1987), but lowering it to 0C was not as
beneficial, and clingstone peach quality was
more affected by cultivar and maturity at har-
vest (Robertson et al., 1992).
Days
Cultivar
VPD × airflow
Days × VPD
Days × airflow
Cultivar × VPD
Cultivar × airflow
Cultivar × days

0.001
0.022
0.001
0.001
0.001
0.001
0.001
0.001

zFor days stored, the dependent variable tested was w
yVPD = vapor pressure deficit.
Both VPD and the resistance to moisture
loss are influenced by air velocity and prod-
uct surface physical characteristics. The most
significant effect on transpiration is at low air
velocities, but at higher velocities, the effect
levels off (Sastry, 1985). Airflow over fruit
has positive and negative aspects. For best
cooling, air velocity should be high (Lentz
and Vanden Berg, 1973). Once the fruit is
cooled and has attained thermal equilibrium
with the air, air humidity becomes the con-
trolling factor and dictates moisture trans-
fer. If there is a high positive VPD, high
airflow is detrimental and increases fruit
water loss.

Gaffney’s (1985) equations predict a sig-
nificant reduction in peach weight loss at >90%
relative humidity (RH), and weight loss may
even become negative at >98% RH. The nega-
tive weight loss (i.e., weight gain) is possible
with products that have a high transpiration
coefficient in 100% RH air at high velocity.
This combination of conditions is not found
normally in commercial storage; however, it is
theoretically possible. Although there have
been weight loss measurements, no measures
were made of peach firmness at these high
humidities.

With time, apples (Malus domestics
Borkh.) became more susceptible to bruises
(Zhang et al., 1992) when stored at low tem-
perature and high humidity than when stored
at lower humidity. Holt and Schoorl (1984)
found that apple bruise resistance remains
unchanged during 18 weeks of cool storage.
Vergano et al. (1991) found differences in the
type of bruises caused by compression, im-
pact, and vibration loading. Storing fruit at
optimum conditions is good for maintaining
quality but may enhance bruise susceptibility
(Hung and Prussia, 1989). Brusewitz et al.
(1992) measured the effect of weight loss,
drop impact variables, and bruise size of
peaches stored in noncooled air or in 6C air at
either 68% or 93% RH and quantified the
beneficial effect of high humidity. Any further
improvement in peach quality for air humidity
at > 90% RH was expected to be minimal, but
that theory has not been proven yet experi-
mentally. The objective of this study was to
determine the effect of airflow and high rela-
tive humidity on peach weight loss, flesh firm-
ness, drop impact variables, and presence of
bruises.
0.001
0.106
0.094
0.001
0.001
0.774
0.001
0.001

0.001
0.208
0.465
0.001
0.001
0.964
0.067
0.001

0.011
0.001
0.001
0.003
0.018
0.001
0.002
0.004

eight loss (percent).
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Fig. 1. ‘Loring’ peach weight loss vs. storage time for lowest and highest vapor pressure deficit.

Table 3. Weight loss of five peach cultivars during 20 days of storage at six airflow and vapor pressure deficit
combinations. Means in percent per day (SE in percent of mean).

Cultivar mean wt loss (SE)

Airflow VPD (Pa) Sunhaven Ranger Loring Cresthaven Elberta

High 20 0.43 (5.1) 0.55 (7.8) 0.59 (7.1) 0.73 (3.8) 0.54 (3.5)
110 0.66(11.1) 1.23 (9.9) 1.21 (10.9) 1.04 (7.3) 0.91 (4.8)
270 1.30 (3.6) 2.32(11.8) 1.89 (6.9) 1.28 (5.4) 1.50 (9.3)

Negligible 0 0.08 (8.8) 0.18 (5.0) 0.17 (14.7) 0.28 (10,4) 0.22 (7.3)
50 0.29 (14.5) 0.50 (3.4) 0.41 (7.8) 0.46 (8.3) 0.46 (9.8)

160 0.55 (3.5) 1.34 (5.0) 1.13 (6.7) 1.38 (9.3) 1.22 (6.6)
Materials and Methods

Independent variables included five culti-
vars (‘Sunhaven’, ‘Ranger’, ‘Loring’,
‘Cresthaven’, and ‘Elberta’), three storage set-
point relative humidities (67%, 88%, and 98%),
storage airflow rate (0 to 4.0 m·s-1), and stor-
age time (0-20 days).

Peaches were hand-picked between 19 June
and 31 July at threshold maturity (South Caro-
lina color chip 4) (Delwiche and Baumgardner,
1983) from trees near Coweta, Okla. Ambient
temperature during picking ranged from 27 to
35C. Peaches were loosely packed in coolers
and mostly submerged in tap water to avoid
bruising during transport and to aid in field
heat removal. On arrival at the laboratory 2 to
3 h later, water temperature ranged from 25 to
30C.

Ten fruit were immediately selected for
impact, flesh firmness, and bruise occurrence
tests. The rest were separated into six treat-
ment groups of 29 peaches each: three replica-
tions of five fruit for weight loss measure-
ments and seven fruit each for days 10 and 20
impact, flesh firmness, and bruise occurrence
tests. Fruit for high airflow were placed one
layer deep on formed cardboard trays and
were positioned to provide maximum airflow
across peaches in environment chambers.
Negligible airflow over the surface of the
peaches in the same chamber was obtained by
placing the peaches in plastic bags having
≈ 100 holes 5 mm in diameter (to allow gas
exchange) and positioning the bag in the cham-
ber away from direct airflow.

One controlled-temperature chamber was
maintained at 6 ± 1 C, 97% RH using a vapor-
izer unit, and airflow rates ranged from 0.5 to
1.5 m·s-1. The other two controlled-temperature-
humidity chambers were maintained at 5.6 ±
0.1C and 88% RH and 4.3C and 75% RH, with
airflow rates ranging from 0.7 to 4.0 and 0.2 to
1.5 m·s-1, respectively. We changed the loca-
tion of those peaches subjected to high airflow
rates in the chamber every 2 to 3 days, mini-
mizing the effects of variations in airflow.
Temperature and dewpoint temperature were
monitored for each RH–aifiow treatment us-
ing thermocouples and a dewpoint hygrom-
eter (model 911; EG&G Environmental Equip-
ment, Watham, Mass.). Measurements of the
air surrounding the peaches were recorded by
a personal computer for 15 one-rein intervals
every 2 h. Localized relative humidities and
VPDs were calculated (assuming the evapo-
rating surface was at the same temperature as
the dry bulb temperature) by the following
formula: RH = (pdp ÷ pdb) 100 and VPD = pbd-
pdp (pdb = saturated water vapor pressure at the
Table 2. Local relative humidity (RH) and vapor
pressure deficit (VPD) for six airflow and hu-
midity storages.

Set point RH

Airflow High Medium Low

RH (%) High 98 88 67.
Negligible ≈100 95 81

VPD (Pa) High 20 110 270
Negligible ≈0 50 160
dry bulb temperature and pdp = saturated water
vapor pressure at the dewpoint temperature).
Fruit weight was measured every 2 to 3 days
(three replications of five peaches per RH-
airflow treatment), and average weight loss
was determined with respect to initial weight
(day 0).

Peaches were taken out of controlled cli-
mate storage 1 to 2 h before impact testing to
allow fruit to warm to room temperature. Im-
pact tests were conducted according to a method
developed by Delwiche et al. (1989) and used
by Brusewitz et al. (1991). Peaches were
dropped 15 cm onto a flat metal piezoelectric
force transducer, and impact force variables
were recorded by a digital oscilloscope and
printed to data files on diskette for later pro-
cessing. The impact variables of interest were
peak force/time to peak force (F/T), contact
Fig. 2. Weight loss vs. vapor pressure deficit for five
time (CT), and percent absorbed energy of
input energy (% EABS). Immediately follow-
ing impact tests, two penetrometer (Effegi;
Afolnsine, Italy) flesh firmness (resistance to
penetration) readings were taken on each peach
using a probe 8 mm in diameter pressed against
a peeled site until the tip penetrated 8 mm.
Results were averaged for the 10 peaches per
treatment. After 24 h at room temperature,
peaches were cut at the impact site and exam-
ined for the presence of a bruise.

Results and Discussion

An analysis of variance showed that air-
flow and storage time were significant (P ≤
0.05) for all dependent variables, although
VPD and cultivar were significant for only
weight loss and %EABS (Table 1). Three of
799

 cultivars.



the six interactions (storage time × cultivar,
storage time × airflow, and storage time ×
VPD) were significant for all dependent var-
ables. The cultivar × airflow interaction was
not significant for CT. Also, VPD × airflow
and cultivar × VPD interactions were not sig-
nificant for F/T and CT.

Peaches stored in bags (negligible airflow)
had lower local VPD than peaches with high
airflow (Table 2). The VPD for the six treat-
ments ranged from ≈0 (6C/100% RH) to 270
Pa (4.2C/67%. RH) (Table 2). Weight loss was
calculated from weight readings by the follow-
ing formula: weight loss = [(initial weight –
weight) ÷ (initial weight)] × 100.

Weight loss increased linearly with storage
time and the slope increased with higher VPD
(Fig. 1). ‘Loring’ peaches stored at near zero
VPD lost 1.7% of their initial weight from day
0 to day 10; those stored at 270 Pa VPD lost
19.2%. According to Kays (1991), the maxi-
mum permissible weight loss before becom-
ing nonmarketable is 16.4%. Weight loss val-
ues are similar to those reported by Wells
Table 4. Regression equation Y intercepts and slopes
(weight loss as a function of vapor pressure
deficit) for high and negligible (negl.) airflow
data. z

Y intercept Slope
Cultivar High Negl. High Negl.
Sunhaven 0.322 0.107 0.355 0.285
Ranger 0.421 0.198 0.707 0.722
Loring 0.548 0.140 0.511 0.614
Cresthaven 0.733 0.203 0.212 0.720
Elberta 0.471 0.128 0.384 0.900
zAll r2 > 0.94.

Table 5. Drop impact variables peak force per time (F
cultivars and two airflow and three humidity env

F/T (N/ins)
Airflow VPDy 0 day 10 day

z
SE in parentheses is in percentage of mean,

yL = low, M = medium, and H = high.
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(1962) for a range of VPDs maintained at 4.5
and 0.5C (Table 3).

Weight loss (percent per day) was greatly
affected by VPD (Table 3). With decreasing
VPD, weight loss decreased for high and neg-
ligible airflow. The effects of the VPD ×
airflow interaction were apparent because the
weight loss (percent per day) was higher for
high airflow (data points at 20, 110, and 270 Pa
in Fig. 2) than negligible airflow (data points
at 0, 50, and 160 Pa). When regression was
performed separately for the two air-flows
(Table 4), the Y intercept was higher for high
airflow treatments (all cultivars), and the slope
of the regression line was larger for negligible
airflow treatments, except ‘Sunhaven’. The
difference between high airflow and negli-
gible airflow treatment was significantly
greater at lower VPDs. Although VPD has the
major influence on fruit weight loss, airflow is
still a factor. For example, a decrease in VPD
from 50 Pa with negligible airflow to 20 Pa
with high airflow resulted in an average 0.17%
per day increase in weight loss for all cultivars,
except ‘Ranger’, which had a 0.04% per day
decrease.

Impact variables F/T, CT, and %EABS
showed a softening trend with storage dura-
tion (Table 5). Less-firm peaches have lower
F/T, longer CT, and higher %EABS. Data
from day 10 proved more useful for compari-
son, because by day 20, many peaches had lost
quality (>16% weight loss) to the degree that
they were soft but had a tough outer layer. This
result caused some drop impact values to be of
questionable value, which was confirmed by
the larger standard error for day 20 drop im-
pact variables.
/T), contact time (CT), absorbed energy (EABS), and fir
ironments after 10 and 20 days of storage.z

CT (ins)
20 day 0 day 10 day 20 day 0 day
For ‘Loring’, F/T decreased 13% to 57%
from harvest to day 10 and 43% to 82% to day
20(Table5). Also for ‘Loring’,CTand% EABS
increased 14% to 56% and –1% to 14% by day
10 and from 35% to 115% and–3% to 20% by
day 20, respectively. These trends were simi-
lar for all cultivars tested.

Impact variables among airflow treatments
had values more characteristic of firmer
peaches for negligible airflow. In most cases,
fruit were more firm when stored with negli-
gible air-flow than when stored with high air-
flow (Table 5). On average, F/T was 32%
higher without airflow than with high airflow
for ‘Loring’. For ‘Cresthaven’, ‘Ranger’, and
‘Elberta’, the differences were 16%, 18%, and
10%, respectively. Similar results were seen
with CT and %EABS.

VPD was correlated with impact variables
(i.e., firmer fruit resulted from lower VPD).
This trend was most obvious within airflow
treatments. F/T tended to increase, and CT and
%EABS tended to decrease, from high VPD to
low VPD (Table 5).

Impact variables compared across airflow
treatments by VPD indicated similar trends as
those for weight loss. Overall, fruit firmness
increased as VPD decreased; however, impact
values attributable to less-firm fruit occurred
when VPD decreased from a treatment with
negligible airflow to the next lower VPD with
high airflow. For example, with ‘Loring’ at
day 10, impact variable differences between
negligible airflow with 50 Pa VPD and high
airflow with 20 Pa VPD showed that F/T
decreased 24%, CT increased 7%, and %EABS
increased 5%. The results were similar for the
other cultivars.
mness expressed as resistance to penetration for four

EABS (%) Resistance (N)
10 day 20 day O day 10 day 20 day
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The standard errors of all the drop impact
variables, F/T, CT, and %EABS, increased
with time for 70% of the storage combina-
tions. The smallest standard errors were for
%EABS. The standard error for firmness was
higher for peaches stored at low VPD than for
medium or high VPD, possibly because VPD
varied by greater percentage in the higher
humidity chambers.

Storage time had the most significant ef-
fect on flesh firmness (i.e., resistance to pen-
etration) (Table 5). Firmness increased from
fresh (before storage) to day 10 and decreased
from day 10 to day 20. The increase in firm-
ness from day 0 (before being placed into
storage) to day 10 maybe due to the tempera-
ture effect in storage. Changes in cooled fruit
firmness were small during the first 8 storage
days (Brusewitz et al., 1992), but changed
considerably by day 13. Higher values are
attributed to firmer fruit. Differences in firm-
ness for VPD and airflow were not significant.
Firmness of individual fruit within treatment
groups varied greatly, as shown by the large
standard deviations.

Bruise occurrence was significantly af-
fected by storage time. On average, 15% of the
peaches were bruised after being stored for 10
days, compared to 23% at harvest and 47% for
fruit stored 20 days (detailed data no shown).
Bruise occurrence showed no correlation with
VPD. Bruising varied greatly by cultivar, with
‘Ranger’ bruising most often and ‘Elberta’
bruising least often.

The rate of peach weight loss was constant
with storage time. Weight loss was directly
related to VPD and inversely related to air-
flow. Peaches stored at low VPD had lower
rate of weight loss. Peaches stored at low VPD
in negligible airflow had drop impact values
characteristic of firmer fruit. Flesh firmness
and bruise occurrence were less sensitive than
H O R TSCIENCE , VO L. 29(7), JULY 1994
drop impact variables in detecting variations
in peach firmness due to airflow and humidity
treatments. Average flesh firmness and bruis-
ing occurrence were significantly different
over storage time.

Storage time had the greatest effect on
peach weight loss and firmness. VPD is actu-
ally the cause of weight loss; storage period
provides the time for this driving force to act.
Although having only a secondary effect, air-
flow increased weight loss, producing less
firm fruit at a given VPD. The importance of
low VPD was confirmed. Although lower
airflow provided lower VPD, it is possible
that, at low VPD, some airflow may have a
positive effect by lowering potential fungal
problems associated with condensation on fruit
surfaces.
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