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Ultrastructure of endosperm  and  quality 
G.H. PALMER 
INTERNATIONAL CENTRE FOR 
BREWING AND DISTILLING 

RICCARTON,  EDINBURGH,  SCOTLAND 
HERIOT-WATT  UNIVERSITY 

- of of 
of of 

of 
of of 

because  localized  compaction of 

of in malting 
80% of the in 

of in 
of those of 

- "Ultrastructure  de  l'endospernle et qualité''.  Des analyses  au  microscope  électronique  de  l'endosperme d'orge de 
malterie  montrent  une  grande  variabilité  de la structure  de  celui-ci en ce qui concerne le tassement  des petits granules  d'amidon 
et de la protéine  de  réserve. Les endospermes farineux montrent un moindre  degré  de  tassement  que les endospermes durs, et les 
premiers  sont, comparativement, plus  facilement  pénétrés  par les enzymes  de  dégradation  de  l'endosperme  lors  du  maltage. est 
donc  nécessaire  de  rechercher les causes  de cette différence  de  degré  de  tassement,  car  le  tassement  localisé  de  l'endosperme peut 
limiter la dégradation  enzymatique pendant le processus de  maltage. Ces zones  localisées  moins  dégradées  ne  sont pas facilement 
détectables par l'analyse  conventionnelle  du malt, mais  cependant elles libèrent duß-D-glucane qui  retarde la séparation  du  moíìt 
et limite la  filtration de la bière.  Chez le sorgho malté,  le mécanisme  de  dégradation  de la paroi cellulaire est d@érent  de  celui 
qui a lieu chez l'orge malté.  Chez l'orge,  plus de 80% du  ß-D-glucane est dégradé lors du  maltage,  tandis  que  chez  le sorgho 
il n'y  a  qu'une  très légère  modification par rapport  au  niveau initial deß-D-glucane. Cependant,  des  trous  se forment sur les 
parois de la cellule, les enzymes  migrant  au  travers  de  ces  trous  afin d'hydrolyser la matrice  protéique et l'amidon. Les  parois 
cellulaires  du  sorgho  malté  sont plus solubles  que  celles  des  grains non maltés. 

Introduction 

believe that quality 
of function. One 

of this  view is that the function of the 
cannot until its anatomy  and 

physico-chemical known. this context, 
the influence which  the  dead  (i.e. non-living) tissue, the 

of has on the physiological 
which into malt, is of vital 

to  those  who  wish to the malting 

The and  the of the 

and acid to the 
which  develops  the  enzymes  which 

the cell 
solubilized them. 

The of the of the 
of and the yield of 

substances linked to the 
physiological life of 

but not wholly by them. this 
the of the is an 

aspect of the  quality of the because it 
enzymic of tissue. 

is how of 

Notwithstanding the aim of this is to 
and evidence in of the  concept 

that is an of the 
quality of malting 
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Results  and  discussion 

A section of the 
of is shown in Fig. 1. The section is 

immediately above the The 
tissue divides the section. this it is 

that the tissue is 
compact than the tissue. Chemical analyses of 
the and 
that although the content of the  whole can 
be 13%, the content of the can 
be 15%, middle 12% and 
5%. 

Fig. 2 shows that this in 
is associated with changing 

of compaction. The 
tissue is compact than the tissue 
and  this  compaction is caused by of 

which is mainly and 
glutelin  (Fig. 3). Fig. 4 shows  cells of 

the not 
embedded in dense and that small 

not in 

These two of the of 
could affect malting quality because a high 

may delay 
optimal steeping and  may the 

of those enzymes which 
malting (Fig. 5). 

The cell walls of these cells of the 
may also  escape  adequate  enzymic 

if steeping was sub-optimal. 

decades the has been studying 
in the of the 
with the objective of to 

to quality such as of enzymic 
modification  and  speed  of development. Although 
no attempt is being made to show the of 

which  can in the Fig. 
6, 7, 8 and 9 show some of the which can 
be  seen. Fig. 6 is an with deposit 
of Fig. 7 is a 

showing levels of deposition, 
Fig. 8 and 9 show even quantities of 

in of the 

Fig. 6 and 7 the heavy deposit of has 
the small Fig. 8 and 9, 

Fig. 1. 
The  walls of evident  (left  half). 

the 
packed. 
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Fig. 2. of As 1 
of 

of 

Fig. 3. of 
heavy  deposit of in (25pm) 
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Fig. 4. of of some of 
of of 

ENZYMES AND ENDOSPERM HYDROLYSIS 
( Modif ¡cation) 

& Small 
Starch  Grains 

Aleurone . Pentosanase 

, (p-Glucan So lub isase )  

Endo-j3-1-3-Glucanase 

Endo---13-14-Glucanase 

Endoprotease 

Ce l l  Wall  -Amylase 

Endosperm 
Food (Ex t rac t )  Phospholipase 

ß-Amylase k 
Carboxypeptidase 

Fig. 5. of 
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l Fig. 6. than shown  in  Fig. 3. 

Fig. 7. 6. 

- 23 - 

CIHEAM - Options Mediterraneennes

Serie A: Seminaires mediterraneens



Fig. 8. as indicated by of 

Fig. 9. of Small 
5 p m  in 
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Table 1. Analysis of malt  that  retarded  wort 
separation  and  beer  filtration. 

&"/kg) 
(Lo/kg) 

Total % 
Total soluble N % 

% 
% 

units 
ß-Glucanase 

viscosity 
% 

304.0 
4.0 
1.6 
0.6 

89.0 
98.0 
35.0 

500.0 
1.6 
0.6 

deposition is limited, the small 
seen.  These 

that the cells of the the 
quantites of deposited and in the 
of small which found in 

cells. 

studies of the of malting 
have that malt samples  which gave acceptable 
malt analyses (Table 1) gave 

especially as 
and 

of these malts  showed 
that  localized of the 

(Fig. 10). Examination of these localized 
unde;-modified 

cell walls, and compact of small 
and 

11 and  12). In 
of (Fig. 

significant of the 
small 

The cell walls have been 
associate with the  small and 

the 

have 
have  had to use  ß-glucanases  to solve them. 

The concept investigation is  that the 
of of 

compaction nodules, 
(Table l), which steeping 

steeping had  to be optimised in of 
steeping. is not 

of 
develop in 

Fig. 10. of is 11 and 
12). of of 
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Fig. 11. of of Fig. 10. 
excess of 

Fig. 12. of in Fig. 10. 
of of the  malted 
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Fig. 13. of of the  endospenn  shown  in  Fig. 10. of 
of the  malt 

Fig. 14. of 
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Fig. 15. The mechanism of endospem in malt is that of 13 and 14) because 
malting the cell  walls develop effect 

of 

availability of and the 
filling 

The  cell walls of the may also  limit 
of the and enzyme and 

action malting. little is known about the 
of the cell walls of the 

of has been suggested that the pentosans 
mainly on the outside of the walls whilst the 

mainly on the inside. A by the 

plasmodesmata and phospholipases may be 
involved in the digestion in the walls. Although “thick” 
cell walls  may enzymic it has not  been 

that the of slow-malting malting 
contained cell walls  which than those 

of which  malted and 

Conclusion 

Although a high content in the can limit 
enzymic modification of the 
evidence suggests that the physico-chemical of 
the small of quality 

may be those of quality 
at this stage of this study all that can 

- 28 

be said with is that localized deposition of small 
and can 

(modifying) cell walls 
malting. Although of steeping 

of 
in of adequate 

should be taken in not to damage the 
potential of the steeped 

The  use of a 
dimension to quality is 

Small localized in may be 
but may escape detection in milling staining tests 

concept of the is that 
all such as acid 

levels, enzyme development and and 
found equally in samples of 

malting in malting and 
evenness of enzymic modification must be to 

of the 

of 
in malt and the 
of the technique in the study of 

quality. 

- 
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Fig. 14 shows an enzymically  modified cell of the 
of malt. Unlike malt, it is 

evident that extensive digestion of (and 
despite the of the cell walls 

which to be intact. that the and 
enzymes must the cell to effect 

such of and associated 

Fig. 15 shows that in malting 
the cell walls develop 

amylolytic and enzyme can The 
cell walls of the of 

malt may 
of the unmalted 

Finally,  these studies have not only 
highlighted malting of 

and they have that some 
of malt 

to quality. 
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