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Abstract

Harvested asparagus, Viking variety, was stored in normal and controlled atmosphere with

and without ‘Butts in water’ to extend shelf life of fresh asparagus.

Controlled atmosphere storage significantly reduced bacterial soft rot of asparagus. When

asparagus was stored in controlled atmosphere in combination with ‘Butts in water’,

aspar-

agus spears could be stored over 3 weeks without noticeable soft rot.

Texture of stored asparagus, as measured by Instron and fiber analysis, became tougher as

the storage time was extended. Increase of fiber conten: in asparagus was significantly reduc-

ed by controlled atmosphere storage and fiber content actually decreased in asparagus stored

in controlled atmosphere in combination with "Butts in water'.

Asparagus stored in controlled atmcsphere had markedly less chloroph.yll destruction than

that in normal atmosphere.

ciated with éhlorophyll content in asparagus.

Considering all quality factors of stored asparagus,

Reflectance color values of stored asparagus were closely asso-

controlled atmosphere in combination

with ‘Butts in water’ was the best storage method to maintain overall quality of harvested

asparagus over 3 weeks.

Intreduction

Asparagus respires more rapidly than other vege-
tables at a given temperature and this causes
rapid quality deterioration of cut asparagus during
storage. Respiration can be controlled by tempera-
ture, carbon dioxide and oxygen®,

Thornton® found that carbon dioxide in the
atmosphere lowered the oxygen uptake, aﬁd the

oxygen uptake was decreased significantly when the
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CO, concentration was 10% or higher. Barker and
Morris™® found that the storage life of asparagus
could be extended up to 35 days at 34°F in 5 to
10% carben dioxide with either 5 or 109 oxygen.
Lipton® revealed that increasing levels of CO,
reduced the incidence and severity of bacterial soft
rot infection at the tip and cut end of the spear.
As in many vegetables, fibrous materials are
objectionable due to their deleterious effect on pal-
atability. Studies by Bitting® and Morse® showed

that the fiber content rose as the storage period and

)



'O]

the storage temperature were increased. Cbjective
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methods for measuring fibrousness of asparagus sp-
ears have been develcped by many researchers.
Recently, Instron has been used to evaluate texture
of asparagus®. Increase in the fiber is attributed
to utiiization of sugars in lignification in the pe-
ricycle and the vascular bundles™.

One of the important quality loss of excised
asparagus is yellowing which is a normal procedure
of plant senescence. Wang™® studied chlorophyll
degradation during controlled atmosphere storage
of asparagus and found that there was more reten-
tion of chlorophylls in controlled atmosphere stored
asparagus. Gold and Weckel® showed that the
rercent of chlorophyll lost correlated very well
with certain color functions, such as a/b (a funct-
ion of hue) and ,/a*Fb? (a function of chroma)
of reflectance color values measured by Hunterlab
color difference meter.

The-purpose of this study was to investigate
methods to extend storage life of fresh asparagus

with minimum quality deterioration during storage.
Materials and Methods

Asparagus

Viking variety band harvested from 4~6 year
old field was used for the experiment. Cut aspara-
gus was washed and sorted according to diameter
at 6 inches from tip of spears ranging 3/8 to 6/8
inch in diameter and 6 to 10 inches in length were
used for the experiment. Sorted spears were divided
into 4 lots, each lot weighing about 130 /b, and
held in cold room at 35°F until transferred to the
storage room.

Storage conditions

Storage rooms (8x10x8 feet: widthxlengthx
height) for normal atmosphere and controlled at-
mosphere were kept at 35°F- and 90459 relative
humidity. A Tectrol generator was employed to
maintain controlled atmosphere of 6.29; CO,, 2.3%
O and 91.5% N..

Storage method
1. Control
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Asparagus was held in wocden boxes.
2. Butts in water

Butt ends of asparagus were immersed in 2 inches
of water in shallow pans.

Quality evaluation

1. Bacterial soft rot

On removal {rom storage, asparagus spears were
carefully examined to determine soft rot. Observa-
tions were made in duplicate and expressed as
rercent of spoiled spears over total number of
spears in each sample.

2. Texture measurement

Shear force in pounds to cut a spear at 7.5 inches
from tip with single blade was recorded using In-
storn. Ten spears from each treatment, diameter
of spears ranging from 3/8 to 9/16 inch at 7.5 in-
Shear
force was measured for each spear with a cutting

ches from tip, were used for measurement.

speed of 4inches/min.

8. Fiber determination

Fiber content was determined according to the
procedures outlined by Smith and Kramer“? and
modified by Lipton®®. Asparagus was cut into 4
inch sections (4 to8 inches from tip) and sliced
into small pieces. About 100 g of sample was wei-
ghed, filled in a No. 1 can and cooked in a steam
kettle at 212°F for 15 min. The cooled sample with
70 ml of water was blended in a Waring blendor
for 2 min. The fiber caught on 30 mesh screen was
tranferred to filter paper in a Biichner funnel and
then weighed fibrous residue after dried to a cons-
tant weight at 100°. Fiber content was expressed as
percent based on corrected fresh weight of sample.

4. Chlorophyll determination

Asparagus with 3/8 to 4/8 inch diameter at 4
inches from tip was used for determination. Two
inch cuts (2 to 4 inches from tip) were diced, and
20 g

80m! of acetore in a Scrvall omni-mixer at high

of weighed sample was homogenized with

speed for 1.5 min and filtered through a sintered
glass suction furnel. The residue was washed with
80% acetone and the volume of filtrate was made
to 250 ml. The conversion sample was prepared by
placing 3 ml of saturated oxalic acid in 809% acetone

in a volumetric flask and diluting to 100 m! with
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the filtered extract. The absorbances of samples
were determined at 536, 645, 662, 666, and 750
nm and the chlorophyll content was calculated by
tHe equation described -by Vernont®.

5. Reflectance color

Coler of asparagus spears was determined using
a Hunterlab Model D 25 color and color difference
meter. Spears cut into 6inches (2 to 8 inches from
tip) were placed in a sample cell (6x6x2 inches:
length . width x height) such that light would not
pass .through the sample. The cell was placed on
-the aperture and covered to exclude any room light
from striking the photocells.

Results and Discussion

Bacterial soft rot

The results in Table 1 showed that controlled at-
mosphere(CA) was markedly effective in reducing
bacterial soft rot of stored asparagus. ‘Butts in
water’ stored in normal atmosphere (NA) and CA
had significantly less bacterial soft rot than the
corresponding control. ‘Butts in water’ in combina-
tion with CA was the best method to reduce bacte-
rial soft rot of stored asparagus, extending the
storage life to over 3 weeks.

Bacterial infection invariably caused the charac-
teristic milky exudate of nauseating odor which
degraded fresh quality of asparagus considerably.
CA storage significantly reduced off-odor develop-
ment of stored asparagus.

Table 1. Beacterial soft rot of stored asparagus

Storage  Norml atmosphere “Controlled
period 5 3tmos§here
D i utts Tits
(Days) Controli in water | Control in water
: 0% | 0% | o0m| 0%
o 10 1 1 0.4
. ™ 16 21 0.4
2 %0 | 47 58 23
Mean 45 i 16" . 6

Note: Means with same letter are not significantly
different from each other.

These findings were in agreement with Lipton’s
statement®® that increasing levels of CO, reduced

the incidence and severity of bacterial soft rot
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infection at the tip of the spear. He also found
that O, concentration has little effect on soft rot

either in the presence or absence of CO,.

Changes in shear force

The results in Table 2 indicated that shear force
generaily increased during storage. Neither CA nor
‘Butts in water’ showed any noticeable effect on
shear force of stored asparagus.

Kesearchers'®3%16 found that texture of post
harycst asparagus became tougher during storage
and the level of crude fiber increased with time in

storage.

Tablc 2. Changes in shear force (pounds) of
asparagus pears during storage

i;:irjfe l M;?:ﬁ?als;gxere I C°§§3§§ﬁere
(Days) lControl} in l{{’taster' Control ir?uwt‘taster
Inifial 207 ! 20.7 1 20.7 207
7 L 216 1 20.3 | 211 @ 225
14 226 | 243 | 208 | 21
o | 224 | o105 | 220 | 213
Mean | 22.1° | 212 | 2120 216

Note: Means with same letter are not significantly
different from each other.

Fiber changes

Fiber content in asparagus generally increased
with storage time, except CA in combinaticn with
‘Butts in water’ (Table 3). Asparagus stored in
CA had less fiber increase than that stored in NA.
Fiber content in asparagus stored in CA with ‘Butts
in water’ actually decreased during storage.

Table 3. Changes in fiher content(2;) in asp-a

ragus during storage
(Unit : x107*%)

Storage l I\Jortmal N Conttrolslecgl
period : mOSpBEifS 2 pB_EI'fs_—
(Days) ‘Controll in water | Control| . > o o
Initial | 21 | 21 2 o1

T 1 | 18 18 2

14 24 18 17 17

21 42 29 34 19

28 38 | 23 35 15
Mean ; 292 | 29b o5 1g¢

Note: Means with same letter are not significantly
different from each other.
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Since there was some stem elongation during st-

orage (1~2

inches), decrease in fiber content ob-
served in asparagus stored in CA with “Butts in
water’ might be partially due to sampling for fiber
determination at a specific distance from tile tip.
Carolus ef al*® found that fiber levels in stored
asp_éragus decreased with increasing CO, levels.
Lougheed and Deway'® indicated that most of the
tenderizing effects appeared to be the result of a

breakdown of inter cellular components.

Changes in chlorophyll content

Chlorophyll content in stored asparagus decreased
as the storage was extended(Table 4). After 4 week
of chlorophyil - was destroyed
in NA and about 29%
CA, and this difference was statistically significant.

storage, about 35%
in asparagus stored in

Wang'® reported that there was more retention
of chlorophyll in the controlied atmosphere stored
asparagus and that the degradation products of
chlorop}xyll in CA stored asparagus was exclusi-
vely pheophytins.

The mechanism of chlorophyll retntion in CA
was suggested by researchers® 1%  James!? sug-
gested that chlorophyll became labile when the pro-
tein attached to the chlorophyll molecule within the
chloroplast was degraded.

Table 5. Changes in reflectance
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Tablc 4. Changes in chlorophyll content during
post harvest storage of asparagus
(Unit: sg of total chlorophyll/100 g of fresh weight)

ﬁ:(r){gg ¢ N%l;rrlrllilsphere Co:ttgz)lsl;‘lil_ere
(Days) Controli ix?l:gster Control! ir?li:?ter
Initial 39.7 . 39.7 30.7 | 39.7
7 34.7 | 35.6 35.7 | 36.0
14 30.7 | 3.6 | 32.5 34.7
21 25.6 ' 28.1 28.5 29.2
28 25.5 26.5 28.5 28.6
Mean 31.1* | 52.8° 32.9* 33.7¢

Note: Means with same letter are not significantly
different from each other.

Degradation of protein in plant tisstes is a natural
process in the plant senescence which is generally
regulated by plant hormones. It could be assumed
that the formation of hormones regulating the plant
senscence would be decreased in atmosphere with

low O, and high CO, concenirations.

Changes in reflectance cslor

A function of chroma, ,/a?-+b?, increased during
storage and this increase was mainly due to increa-
se of b values (Table 5). This indicated that
yellowness of stored asparagus - increased during
color and

storage. Tristimulus values of Hunter

color of asparagus during storage

Normal atmosphere Controlled atmosphere
Storage period -
Control Butts in water | Control Butts in water
(Days) — N — _

VT b ] JE | VarTer | 4E | eyl | 4B | vefst| 4

Initial 19.8 i 0.0 19.8 | 0.0 19.8 0.0 19.8 0.0

7 19.4 | 0.03 20.1 1.3 18.9 1.1 19.7 1.3

14 21.1 | 1.8 19.8 1.3 187 1.1 20.6 1.3

21 20.7 ! 1.7 20.1 1.6 ] 20.2 0.5 21.2 2.0

28 2.7 | 31 19.9 1.7 I 20.2 1.5 21.0 1.8

Note : 4E=,/ AL+ da*+ .1b*
color difference meter were further reduced to storage period was extended, The increase of JE

total color difference (JE). Tristimulus values of
initial sample was taken as base values, and then
color difference between the initial sample and
stored samples were calculated. The results in

Table 5 showed that JE generally increased as the

was mainly due to increase of L values (brightness)
ane b values (yellowness), which suggested that
the stored asparagus became more yellow and bri-
ght as the storage period was extended.

The relationship between reflectance color and



Vol. 13, No.1 (1981)

chloropﬁyll content was examined and the results
are shown in Table 6, L, v a*fb%, and 4E had
statistically significant correlation with chlerophyll
content in stored asparagus. Among reflectance
color values evaluated, 4E showed more reliable
relationship with chicrophyll content in stored
asparagus.

These results suggested that color changes in as-
paragus during storage could be evaluated by me-
asuring reflectance colcr value, without time con-

suming chlcrophyll analysis.

Table 6. The rclationship betwezn chlorophyll
content and reflectance color of sisred

asparagus
Refiectance Linear regression Correlation
color equation coefficient
L I Y=—0.107x44.61 | r=—0.64**
V@t | Y=-0.105x23.42 | r=—0.56%
AE i =—0.114x4.92 | r=—0.69%*

Notes: Y : Reflectance color values
X : Chlorophyil content
* %k : jndicated statistical significance at 95%
and 99% levels, respectivety.
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