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Changes in the Content, Intratissue Distribution
and Histochemical Characteristics of Asparagus Lignin during Storage

Hiroko Arak1,” Naoko Yamamoro* and Shigeyoshi Micuchr

* Seitoku Junior College of Nutrition, Katsushika-ku, Tokyo 124-8530

The post-harvest lignification of asparagus was investigated. Spears of asparagus 1 day after
harvesting were stored at 15-237C. Immediately, 3, 7 days after storage, the samples were analyzed for
their lignin content, histochemical color reactions were observed and taste tests were carried out. The
content of lignin after 7 days of storage was more than twice that of the unstored control sample, even
when weight loss during storage was considerd. Four kinds of histochemical color reactions indicated
the cell wall lignin of asparagus to be of the guaiacyl-syringyl type for sclerenchyma, bundle sheath and
pith parenchyma, and of the guaiacyl type for all other tissues. Lignin deposition on the vessel and
sclerenchyma cell walls was detected from the beginning of storage, while deposition occurred on the
other tissues in the latter half of storage. The analvtical and taste test results clearly show that
lignification proceeded from the lower to the upper part of a spear.
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Table 1. Changes in the lignin content of asparagus spears during storage

Lignin*- Yield of crude cell wall preparation Lignin/crude cell wall preparation
Sample -
img%)*- (mg%'*" 1051 %~ (%* (% %!

AQ-U'** 18.2 0.95 1.92
AO-L 35.9 1.3! 2.74
A0 20,1 1.09
A3-U 15.9 0.92 2.05
A3-L 61.3 1.38 3.88
A3 43.6 1.26
AT-U 60.7 1.06 2.73
AT-L 7.4 1.58 4.90
AT 67.2 1.28
B0O-U 32.7 1.03 3.17
BO-L 47.7 1.97 2.42
BO i1.2 1.54
B3-U 46.0 1.29 3.7
B3-L 6.3 2.32 3.29
B3 61.2 1.78
B7-U 63.3 1.63 5.65
B7-L a9. 4 2,75 3.61
BY 88.3 2,13

*The back titration value with an 1/400 x potassium polyvinyl sulfate solution was converted by using the Klason lignin
value (1 mi=0.54 mg). *“mg or g/100 g of raw sample at the end of storage. * 'mg or g/100 g of raw sample converted to
a full-size sample weight at the start of storage. * ‘87100 g of dry crude cell wall preparation. **A and B: market grade
based on the cut end diameter of the spear: 0. 3. 7. No. of days stored; U. upper half of spear: L. lower half of spear.
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Table 2. Results of a three-way analysis of variance (ANOVA) for the data of Table 1

Variance factor SS DF MS Fs
Lignin
(1) Among storage days 2,316.11 2 1,158.060 304.0**
(2) Between market grades 683.13 1 683.13 179.3**
(3) Between upper half and lower half of spear 606.06 1 606. 06 159.1**
(LX) 127.85 2 63.93 16.8
(1)X(3) 90. 06 2 45.03 11.8
@)X 8.73 1 8.73 2.3
VE 7.61 2 3.81
Crude cell wall preparation
(1) Among storage days 1.80 2 0.90 30.0*
(2) Between market grades 5.15 1 5.15 171.7 **
(3) Between upper half and lower half of spear 9.87 1 9.87 329.0**
(DX (2) 0.44 2 0.22 7.3
MX3) 0.07 2 0.04 1.3
()X (3) 0.67 1 0.67 22.3*
VE 0.06 2 0.03
Ligninv/erude cell wall preparation

(1) Among storage days 23.41 2 14.21 64.6*
(2) Between market grades 0.20 1 0.20 <1
(3) Between upper half and lower half of spear 0.07 1 0.07 <1
(MH>xX@ 2.25 2 1.13 5.1
X3 5.45 2 2.73 12.4
@3 5.59 1 5.59 25.4*
VE 0.43 2 0.22

SS, sum of squares; DF, degrees of freedom; MS, mean square deviation; Fs, variance ratio; VE, residual. *Significance (p

< 5%). **Significance (p<1%).
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Table 3. Response of asparagus spear butt tissue to different histochemical color reaction for lignin, and
changes due to storage of the samples

Storage time for sample spear (days)

Tissue
0 7
Epidermis  Cuticle S+ + W— S+ + W— S+ + W—
m— c— m-— c— m— c—
Epidermal cell S— W— S— W— S— W—
m— c— m— c— m— c—
Cortex parenchyma S— W S+ W+ S+ +: W+
m— c— m— c—- m— c—
Sclerenchyma S+ + W+ + S+++ W+ + + S+++ W+ + +
(mechanical tissue) m+ + c+ m++ + c++ m+ + + c+ +
Pith parenchyma S— W— S+ W— S+ +: W+
m-— c— m— c— m+ c+
Bundle sheath S— W— S+ + W+ + S+ + W+ +
m— c— m+ + c+ m+ + c+
Xylem vessel S+ + W+ + S+ + +: W + +: S+ ++: W+ 4 4+
m-— c— m— c— m— c—
Phloem S— W— S+ W+ S+ +: W+ +:
m-— Cc— m— Cc— m— Cc—
Xylem parenchyma and xylem S— W— S+ W+ S+ +: W+
fiber tissue m— c— m— c— m— c—

S, Schiff reagent reaction; W, Wiesner reagent reaction; m, Maule reaction; ¢, Cross-Bevan reaction;— to + + +, strength
of color reaction at cell wall; : |, positive granular or colloidal color reaction substance at inner or outer cell wall.

Fig. 1. Photomicrographs showing the inner tissue distribution of lignin in asparagus spears by using butt
end tissue transections and different histochemical color reactions

0. 3, 7, No. of storage days; A and B, market grade; U and L, upper half and lower half of spear. (1) A section of
AOQ-L, stained with the Wiesner reagent, showing the distribution of guaiacyl-type lignin. The sclerenchyma cell walls
and vessel element walls were positive. (2) A section of A7-L, stained with the Schiff reagent, showing the distribution
of guaiacyl-type lignin. Positive reaction at the sclerenchyma cell walls, vessel element walls, cortex parenchyma cell
walls and cuticule were detected, although a positive reaction of the cuticule is not a specific reaction to lignin. (3) A
section of B7-L, treated by the Maule reaction, showing a syringyl-type lignin distribution. Sclerenchyma cell walls were
positive, and strongly positive angular-type cells were detected in the sclerenchyma. However, the vessel element walls
were negative, (4) A section of A3-L, treated by the Maule reaction, sclerenchyma cell walls were positive and became
sclerified, but all vascular bundle tissue cell walls were negative. (5) A section of B7-L, treated by the Maule reaction,
showing the localization of syringyl-type lignin. All vascular bundle tissue cell walls were negative, but the bundle
sheath cell walls were changed to positive. (6) In the vascular bundle in the butt tissue of AQ-L, a positive response to
the Schiff reaction was detected only in the vessel element walls. (7) In the pith parenchyma tissue of A7-L, the Schiff
reaction was positive and a granular substance was detected among the tissue cells. (8) In the young vascular bundle,
a positive reaction to the Schiff reagent for AO-U occurred only at the protoxylem vessel element wall. (9) In the butt
tissue of A7-L for the vascular bundle with progressive lignification, the majority of cell walls within the vascular
bundle such as the vessel, sieve tube and parenchyma were positive to the Schiff reagent, the cell walls of the bundle
sheath also became positive, and a colloidal positive substance was observed among the parenchyma cells and inside
the vessel elements. Bars: 100 ; m.
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Fig. 2. Results of the taste test on stored asparagus spears

+ + +, soft and good in taste; + 4, somewhat fibrous but good in taste; +,
fibrous, fairly tough and poor in taste; —, very fibrous, tough and not edible.
ADQ, A3, A7, BO, B3, and B7 are the same as those defined in Table 1. The top
of the spear (20-26 cm) means the outside of the asparagus spear being

evaluated.
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