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ABSTRACT 
The performance of durum wheat (Trlticum durum Dest) during 

primary processing is an important commercial characteristic, but little 
is known about the inOuence of varietal and agronomic factors on 
semolina milling value. This study was conducted to determine 
whether genetic and agronomic factors affect the semolina value of 
durum wheat, specifically the endosperm/bran ratio, endosperm fria. 
bility, and yields of finished products. Nine cultivars of durum wheat 
were grown in 1993 and 1994 in very large plots under different 
agronomic conditions, induding water stress and various nitrogen 
applications. The wheat was milled in an experimental semolina mill 
(150 kg ha-•) to evaluate the respective inftuence of genetic and 
agronomic factors. Results demonstrate a considerable genetic varia
tion in the semolina yield of durum wheat. The endosperm/bran ratio 
of durum wheat is largely dependent on cultivar, whereas endosperm 
friability is greatly influenced by agro-climatic conditions. Use of ash 
content as a aiterion for determining semolina purity can inftuence 
the cultivar ranking because of the diO'erences in grain ash content 
and of the distribution of minerals in the endosperm. It appears that 
the ease with which endosperm is freed in the form of semolina during 
milling could be a criterion for predicting semolina quality. 

SEMOLINA MILLING VALUE can be defined as the capac
ity of a durum wheat to give high yields of semolina 

of a defined purity under industrial conditions (Abe
cassis, 1991). The performance of durum wheat during 
primary processing is an important commercial charac
teristic. However, compared with the vast amount of 
research directed in recent years toward understanding 
and improving the pasta value of durum wheat (Feillet 
et al., 1996), there has been little research concerning 
primary processing. Littl~ is known about th~ infl~e~ce 
of cultivar and agronomic factors on semolina millmg 
value. 

Semolina milling value is complex because it is depen
dent on a wide range of different factors. According to 
Abecassis and Chaurand (1997), semolina milling value 
of durum wheat depends on three groups of factors: 
(i) external factors related to harvesting conditions as 
represented by the weight of imp!lrities; (i!) internal 
factors like the endosperm/bran ratio (semolina+flour/ 
total feeds) and the mechanical resistance or friability 
of endosperm (semolina/flour ratio); and ~iii) ease of 
separating the endosperm from the hulls, which ~epends 
on characteristics of the wheat. The last factor 1s gener
ally uniform because it depends on the mineral richness 
used to control the purity of products derived from 
durum wheat. 
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Until now, research has focused mainly on identifying 
the effect of certain factors on the semolina milling value 
of durum wheat. Several authors found a link between 
milling yields of durum wheat and mass per hectolitre 
(Watson et al., 1977; Dexter et al., 1987). However, 
this method was heavily criticized because results were 
influenced by both true density of grains and interstitial 
spaces (Nuret and Willm, 1962). Evaluation of the endo
sperm/bran ratio requires measurements related to the 
morphology and compactness of the endosperm (le!lgt~, 
width, surface area, etc.), as well as mass/volume cntena 
(Simmons and Meredith, 1979, Lempereur et al., 1997b ). 

The mechanical resistance of endosperm is often ex
pressed in terms of endosperm vitreousness. However, 
several authors have shown the intrinsic semolina value 
of the endosperm to be affected in clearly different 
ways; depending on the degree of starchiness of the 
endosperm (caused by yellow berry) (Matveef, 1963, 
Dexter and Matsuo, 1981). Research on methods for 
measuring hardness in soft wheat, either by particle size 
index (PSI) or near infrared method (NIR), do not seem 
to be suitable· for durum wheat (Baba and Bakhella, 
1994). 

In several studies characterizing the purity of the 
milled products of durum wheat, ash content was shown 
not to be an absolute indicator of the purity of mill 
streams of durum wheat (Abecassis and Feillet, 1985). 
However, no alternative method has yet been officially 
adopted for determining purity. Nonetheless, recent re
search has been undertaken to find an objective way of 
~easuring the percentage of peripheral tissue ( aleurone 
and pericarp) in semolina (Dexter and S~ons, 199~) 
or to determine the content of a more specific constit
uent of the aleurone layer such as ferulic acid (Lemper
eur et al., 1997a). Use of multiple correlation, models 
capable of predicting semolina yields for a batch of 
durum wheat have been proposed (Landi, 1988). These 
models could be extremely useful to the industry but 
are unlikely to have much impact on research carried 
out by breeders. . . . . . 

The main difficulty in determmmg semohna mdlmg 
value is quantifying the separability of the ke~el and 
the peripheral tissues from the endosperm. Ca':'J:mg 01!-t 
milling trials is, so far, the only way of determmmg this 
separability; and such trials are, therefore, recom
mended for evaluating overall quality of durum wheat 
when it is first processed. However, carrying out milling 
trials is very difficult, as described by Schellenberger 
(1971) and Willm (1972). In addition, durum ~_hea.t mill
ing trials pose problems related to the punf1cat1on of 

Abbreviations: TS, total semolina; TF, total flour; TB, total feeds or 
bran· Sn semolina streams n; FBn, ground flour n; FDn, break flour 
n· Tiw,' thousand kernel weight; Wl, agronomic treatment inducing 
~ater stress; W2, agronomic treatment with irrigati~n; Nl, agronon_iic 
treatment inducing nitrogen stress; N2, agronomic treatment with 
nitrogen fertilization. 
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semolina by air sifting and the treatment of waste from 
the purifier (Abecassis and Chaurand, 1997). These dif
ficulties can be overcome by use of a large trial mill 
similar to an industrial model, a strategy that requires 
large quantities of durum wheat to be milled. 

Access to an experimental semolina mill and large 
trial plots made this study possible. Two hundred-kilo
gram batches of durum wheat were obtained by growing 
different cultivars under different conditions. These 
were milled to enable an objective evaluation of the 
effects of genetic and agronomic factors on the semolina 
quality of durum wheat, specifically the endosperm/bran 
ratio, endosperm friability, and yields of finished prod
ucts for a given ash content. 

MATERIALS AND METHODS 

Plant Material and Growing Conditions 

Nine durum wheat cultivars (200 kg per cultivar) with dif
fering grain size and resistance to yellow berry (Table 1) 
('Agrial', 'Agridur', 'Ambral', 'Arcour', 'Ardente', 'Cando', 
'Capdur', 'Exodur', and 'Primadur') were grown in 1993 and 
1994 under four different agronomic conditions at two sepa
rate sites near INRA (Institut National de la Recherche Agro
nomique) in southern France (Melgueil and Auzeville). Water 
stress was investigated at Melgueil where batch Wl was repre
sentative of an unirrigated Mediterranean crop and batch W2 
was irrigated during the heading period. At Auzeville, differ
ent nitrogen applications were tested. The control batch N2 
received three N applications (200 kg ha- 1

) during the growing 
season while batch Nl received only two applications (150 
kg ha- 1). 

At Melgueil site, the soil was clayey-chalky (pH 7.5, < 15% 
stones). Nitrogen was applied at tillering stage (50 kg ha-•, 
ammonium nitrate), 1-cm spike stage (80 kg ha-1, ammonium 
nitrate), and grain development stage (40 kg ha-•, ammonium 
nitrate). The first experimental year, batch W2 was irrigated 
with only 5.0 cm water. The high rainfall in April resulted in 
yields higher than average so that the yield difference between 
unirrigated (Wl) and irrigated (W2) crops was not significant 
(respectively 4500 and 5000 kg ha-1). During the second exper
imental year, W2 was irrigated with 10.5 cm water. The dry 
conditions experienced by the field trials after March empha
sized the difference between the unirrigated (Wl) and irri
gated (W2) crops. 

At Auzeville site, the soil was alluvial-clayey (240 g kg- 1 

clay) and well drained. The first experimental year, the previ
ous crop was sunflower the first year and irrigated soybean 
the second year. Nitrogen was applied at tillering stage (50 
kg ha-•, ammoniacal form) (Nl and N2), 1-cm spike stage (100 
kg ha-1, liquid Solonia, AZS Company, Toulouse, France) (Nl 
and N2), and grain development stage ( 50 kg ha-•, ammonium 
nitrate) (N2 only). With regard to climate, the two experimen
tal years were very different: the first year was characterized 
by heavy rainfalls in autumn, a dry and mild winter and a 
hot spring, which resulted in shriveling. The second year was 
characterized by heavy rainfalls in winter and spring, which 
resulted in low nitrogen fertilization efficiency (soil leaching 
that led to a lack in nitrogen, the limiting factor for the Nl 
crop, and perhaps also for N2. 

Milling 

Milling was carried out on the semi-industrial semolina 
pilot mill (150 kg ha- 1) at Cereal and Agropolymer Technol-

Table L Ell'ects of genetic and agronomic factors on the extrac-
tion rate of semolina, Dour, and feeds (n = 72). 

Percentage dry mattert 

Treatment Semolina Flour Feeds 

Mean value 74.4 7.9 17.7 

1993 74.lb 7.8a 18.lb 
1994 ~4.7a 8.lb 17.2a 

SiteN 74.0b "8.9b 17.la 
Site W 74.Ba 7.0a 18.3b 

NI 72.3b I0.4b 17.3a 
N2 7S.6a 7.Sa 16.9a 

WI 74.4b 7.0a 18.6b 
W2 75.la 7.0a 17.9a 

Agrial 75.8a 8.lc 16.la 
Agridur 76.la 8.0b,c 16.0a 
Ambral 74.lb 8.3c 17.6b,c 
Arcour 7S.9a 7.Sa,b 16.7a,b 
Ardente 7S.8a 7.9b,c 16.2a 
Can do 72.5c 8.3c 19.ld 
Capdur 75.4a 7.0a 17.6c 
Exodur 73.2b,c 8.2c 18.6d 
Primadur 70.6d 8.2c 2Lle 

F-Variety 29**** s•• 31**** 
F-Site 11** 195**** 31**** 
F·Agro(site) 50**** 110**** 4* 
F-Year 7* 6* 24•••• 
Var. x Site 3* s••• 3• 
Var. x Agro(site) D.S. D.S. o.s. 
Var. x Year D.S. o.s. o.s. 
Agro(site) X Year 13••• 17•••• D.S. 

Site x Year n.s. D.S. 13•• 
as,•,••,•••,••••, indicate not significant at P = 0.05, 0.01, 0.001, 0.0001 

levels, respectively. 
t Means between horizontal lines and followed by the same letter are not 

sigofficandy different at P = O.OS (means sep~tion, LSD). 

ogy Unit (INRA-Montpellier, France) (Lempereur et al., 
1997b). The impurities were removed from the uncleaned 
wheat with a cleaner-separator, a cylindrical indented separa
tor, a beater machine, and two vacuum cupboards. Clean 
wheat grain was conditioned at 15% humidity for 15 hand 
then at 17 .0 ± 0.1 % for 3 h just prior to milling. Milling was 
carried out with nine roller mills (Buhler, Zurich, Switzerland) 
comprising five breaking rollers and four sizing rollers. Sifting 
was carried out with three Rotostar plansifters (Bilhler, Zu
rich, Switzerland), and the semolina was cleaned with three 
double purifiers with two superposed tables (Buhler, Zurich, 
Switzerland). After milling, the following 18 fractions were 
obtained: six purified semolinas (Sl-S6), four break flours 
(B2-B5), four sizing flours (Dl-04), and four feeds: coarse 
brans, purified fine brans, sized fine bran, and shorts. Milling 
yields were expressed on a dry basis (d.b.). Care was taken 
to ensure that the calibration of machines for the experimental 
semolina mill remained constant. The adjustments of the mill 
were checked by carrying out a milling test in duplicate at 
the beginning of each harvest period and again after each 
eighteenth milling test with a standard wheat batch that had 
been stored at 4°C. Samples of mill streams were taken during 
milling and stored at 4°C before analysis. 

Chemical Analysis 

Moisture content was determined by the ISO 711-1978 
method and ash content was determined by the ISO 2171-
1980 method. The analytical results were expressed on a dry 
basis (d.b.). 

Experimental Design and Statistics 

The experiment was originally designed as a split plot 
design. The two levels of the agronomic factor in each site 
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Table 2. Mean value of thousand kernel weight (TKW) (g. d.b.) 
and vitreousness (%)for all varieties studied. 

Variety TKW Vitreousness 

Agrial 35.1 54 
Agridur 40.3 56 
Ambral 35.2 54 
Arcour 33.1 81 
Anlente 41.9 64 
Cando 27.9 47 
Capdur 34.6 77 
Exodur 36.2 63 
Primadur 25.8 . (il 

were applied to large plots (300 m2), each containing nine 
smaller plots for the cultivars. In each site, the split plot design 
was replicated two or three times. In all cases, only the central 
band of the plot was harvested to eliminate edge effects. Fi
nally, wheat grains for each cultivar by agronomic condition 
from the two or three replicates were blended together to 
supply the milling plant with 200-kg samples. 

Data were analyzed by analysis of variance (SAS Institute 
Inc., Cary, NC), the model terms were site effect (1 df), agro
nomic conditions within site (2 df), cultivar effect (8 df), year 
effect (1 df), site x cultivar interaction (8 df), site x year 
interaction (1 df), cultivar X year interaction (8 df), agronomic 
conditions within site X cultivar interaction (16 df), agronomic 
conditions within site X year interaction (2), and the residual 
error (24 df). 

RESULTS AND DISCUSSION 
Yields of Semolina, Flour, and Feeds 

Table 1 summarizes the main milling results. Because 
milling experiments were carried out at constant set
tings, these results correspond to gross milling yield and 
do not take into account the purity of the products 
obtained. The residual standard deviations estimated, 
disregarding the site x treatment x cultivar x year 

· interaction, are, respectively, equal to 1.01, 0.59, and 
0.87 for tl)e yields in semolina, flour, and feeds. These 
values are slightly higher than the standard deviation 
values previously reported in repeatability tests using 
the same milling equipment (Abecassis, 1987). How
ever, it must be observed that the present results involve 
two harvest years and that each set of milling experi
ments lasted almost 3 mo. Accordingly, the observed 
variations cover both repeatability of measurements, 
stability of machine adjustments, and even wear of mate
rials. Therefore the accuracy of the experiments can 
be considered satisfactory enough to allow meaningful 
interpretation of the milling results. From the results, 
it was possible to assess the endosperm/bran ratio and 
the friability of the starchy endosperm. A considerable 
variation is observed between the yields of semolina, 
flour, and feeds(% d.b.) depending on the year of har
vest, the crop site, and the cultivar. 

The semolina yield is highly dependent on cultivar 
and agronomic conditions within site. There were differ
ences of approximately 6% in average total semolina 
yields for the different cultivars. In general, semolina 
yields for cultivars with large grains (Agrial, Agridur, 
Ardente) were higher than for small-grained cultivars 
(Cando, Primadur), with an average of 75.9% for the 
large grains and 71.5% for the small grains (Table 2). 

Table 3. Effects of genetic and agronomic factors on the endo-
sperm/bran ratio (TS+TF/I'B) and on friability (TF x lOOffF 
+ TS) (n = 72). 

Treatment (TS + TFffB)t (TF x lOOfl'F + TS)t 

Mean value 4.72 9.67 

1993 4.57b 9.Sla 
1994 4.88a 9.83b 

Site N 4.199· 10.80b 
SiteW 4.56b 8.54a 
Nl 4.82a 12.62b 
N2 4.96a 8.99a 
Wt 4.46b 8.60a 
W2 4.66a 8.48a 

Agrial 5.21a 9. 70b,c,d,e 
Agridur 5.27a 9.57b,c,d 
AmbraJ 4.70b 10.08c,d,e 
Arcour 5.0la 8.97a,b 
Ardente 5.19a 9.Slb,c 
Can do 4.28c 10.29d,e 
Capdur 4.71b 8.44a 
Exodur 4.39c 10.06c,d,e 
Priniadur 3.73d 10.43e 

F-Variety 30**** 6*** 
F-Site 28**** 160**** 
F-Agro(site) 4$ 105•••• 
F·Year 24•••• 4* 
Var. X Site 3** 5*** 
Var. x Agro(site) D.S. n.s. 
Var. x Year D.S. n.s. 
Agro(site) x Year . o.s. 18**** 
Site X Year 13** 6* 

ns, •, ••, ***,****,indicate not significant at P = O.OS, 0.01, 0.001, 0.0001 
levels, respectively. 

t Means between horizontal lines and roUowed by the same letter are not 
significantly different at P :::;: 0.05 (means separation, LSD). 

However, certain small-grained cultivars such as Arcour 
can produce excellent milling yields. Variations in agro
nomic conditions accounted for differences in semolina 
yields of 3 % . The reduction in semolina yields was pro
nounced in the nitrogen-deficient crop Nl (probability 
level of significant differences due to nitrogen stress 
treatment: P = 0.0001 ). This decrease is linked to an 
increase in the percentage of flour, but the endosperm/ 
bran ratio remains constant for crops Nl and N2 (Table 
3). The crops subjected to water stress (Wl) yielded 
approximately 1 % less semolina with a corresponding 
increase in the yield of feeds (probability level of signifi
cant differences due to water stress treatment: P = 
0.0334). These relatively small variations can be ex
plained by the wet conditions during both years so that 
water stress remained inoderate. However, the endo
sperm/bran ratio seems to have been slightly affected 
by water stress as indicated by a decrease from 4.66 to 
4.46. As Lempereur et al. (1997b) have shown, it is 
important to avoid confusing small healthy grains with 
shriveled grains. 

Lastly, the total semolina yield appears to be very 
slightly affected by the year of harvest, although an 
interaction of year with the agronomic condition within 
site was seen. Under these experimental conditions, in
teractions between the cultivar and the site, the cultivar 
and the agronomic condition within the site, or between 
the cultivar and the year of harvest were weak or not sig
nificant. 

The detailed analysis of semolina yield results after 
milling showed that total semolina yield (TS) depended 
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on the yield of coarse semolina (S3) from the passes at 
the beginning of the reduction stage (r = 0.92; P < 0.01; 
n = 72) (Fig. 1 ). Thi~ indicates that the semolina quality 
of durum wheat could depend on its capacity to free 
the semolina rapidly after the initial grinding passes. 

Yields of total feeds are influenced by the year of 
harvest, the site, and the genotype. Large differences 
in the yields of feeds were observed (up to 5%) for the 
different cultivars. In consequence, the endosperm/bran 
ratio varied considerably, depending on cultivar. This 
ratio is greater than 5.0 for the best cultivars (Agridur, 
Agrial, Ardente, and Arcour), whereas it is 3.7 for the 
lesser cultivars (Primadur ). The· agronomic effects ap
pear as· non significant in the case of nitrogen stress but 
significant at P = 0.05 in the case of a water stress. The 
little effect of agronomic factors compared with the site 
effect, the year effect, and the site x year interaction 
seem to suggest a preponderance of climatic factors in 
the determination of the yield of feeds. 

The friability of starchy endosperm depends mainly 
on the site and on the agronomic conditions; although 
a significant difference was observed in the intervarietal 
averages. These differences are essentially attributable 
to the conditions of nitrogen stress that lead to a very 
highly significant increase of the yield in flour. The in
crease in flour yields from the nitrogen-deficient crops 
was spread equally between the break flours ( + 1.6%) 
and the sizing flours ( + 1.4%) (results not shown). No 
significant difference was observed between the break 
flours in terms of the genetic origin of the wheat grown. 
A few genetic differences were observed between the 
disintegration passes, but this had no direct correlation 
with the vitreousness of the grains. In addition, the sem
olina/flour ratio is strongly influenced by the interaction 
between the growing conditions and the year (Table 3). 

Purity of the Milled Products 
The overall yields obtained corresponded to the gross 

yields and did not take account of the purity of the 

semolina. As a general rule, semolina purity is deter
mined by the mineral content, which is known as ash 
content. Table 4 is a summary of the mineral contents 
of durum wheat and all the milling fractions of the whole 
collection of wheat. 

The ash content of total semolina was influenced by 
the genotype, the year of harvest, and the crop site but 

Table 4. Variation of the ash content of grain, semolina, yield for 
a 1.00% ash content, and yield for a grain ash content of 0.500 
(R = 0.500). 

Percentage dry mattert 

Semolina Yield for 
Treatment Grain ash ash LOO% ash R = O.SOO 

Mean value 1.94 0.99 76.6 74.0 

1993 2.0tb 1.0lb 74.lb 75.0a 
1994 1.87a 0.97a 79.la 73.0b 

Site N L88a 0.96a 80.0a 74.6a 
SiteW 2.00b L02b 73.3b 73.4b 
NI 1.86a 0.96a 80.Ja 73.9b 
N2 1.89b 0.96a 79.6a 75.Ja 

Wl 1.97a I.Ola 73.3a 73.la 
W2 2.02b 1.02a 73.Ja 73.7a 

AgriaJ 1.88b 0.94a 8L6a,b 76.8a,b 
Agridur L79a 0.93a 82.3a 75.0b,c,d 
AmbraJ 1.94c L03c 72.4e 68.2f 
Arcour 1.94c 0.97a,b 79.4a,b,c 76.0a,b,c 
Ardente 1.99c 1.02c 77.lc,d 74.Sc,d 
Can do L97c L01b,c 74.ld,e 73.4d,e 
Capdur 1.97c L03c 73.6d,e 72.3e 
Exodur 1.97c 0.96a 78.3b,c 77.3a 
Primadur t.99c 1.0lb,c 7Lle 72.4e 

F-Variety 11•••• s•••• 11•••• 1s•••• 
F-Site 83•••• 35•••• 67•••• 6* 
F-Agro(site) , .. D.S. D.S. D.S 
F-Year 119**** 19*** 36•••• 17••• 
Var. x Site , ... 5•• s•• D.S. 
Var. x Agro(site) 2• n.s. n.s. D.S. 

Var. x Year n.s. n.s. n.s. 3• 
Agro(site) x Yeu n.s. D.S. n.s. n.s. 
Site x Year u•• 1s••• 20••• 14** 

ns, •, ••, •••, ••••, indicate not significant at P = 0.05, 0.01, 0.001, 0.0001 
levels, respectively. 

t Means between horizontal lines and followed by the same letter are not 
significantly different at P ;:: 0.05 (means separation, LSD). 
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was not affected by the crop growing conditions on the 
same site (Table 4). In fact, assuming the calibration 
of the mill remains constant, semolina ash content is 
determined by the ash content of the wheat grown. 
These results confirm the comments of a number of 
authors regarding the use of ash content as a criterion 
for semolina purity (Feillet, 1979; Cubadda, 1969). On 
the basis of the ash content of the 18 milling fractions, 
the percentage of finished product extracted can be 
determined for a given ash content. The yield of finished 
product is calculated for a given ash content (to 1.00% 
d.b. In France, the ash content of high quality semolina 
is set at 1.00% ± 0.10% d.b.). Under these conditions, 
the year and the site had a considerable effect (5 and 
7% difference in milling yields, respectively); and differ
ences among cultivars in the amount of finished prod
ucts were as high as 11 % (Primadur, 71.1 % d.b. and 
Agridur, 82.3% d.b.). 

If the yields with an ash content of 1.00% d.b. are 
compared with the actual yields of total semolina, the 
cultivars Agrial and Agridur always gave yields of more 
than 80%, whereas several other cultivars performed 
badly when the ash content was considered (Ambral, 
Ardente, Capdur), but the yield improved for Exodur 
on that basis. Interactions were seen: the increase in 
ash content of large-grained cultivars (Agridur, Agrial, 
Ardente) was much less significant than for small
grained cultivars (Primadur, Cando) under conditions 
of water stress. 

Taking into account the very close link between the 
ash content of wheat grain and of semolina, the influ
ence of environmental effects can be limited by bringing 
the ash content of semolina to that of the original wheat. 
Thus, yield can be expressed in terms of yields of fin
ished products for a constant semolina ash content, i.e., 
wheat ash content ratio called R. For R = 0.500, the 
analysis of variance shows that the effect of the crop 
site is no longer significant and the effect of the year 
of harvest, although significant, shows a difference of 
only 2 % . However, the varietal effect remains highly 
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significant. Under these conditions, a comparison of the 
averages distinguishes several similar categories indicat
ing that it is possible to separate the high yielding culti
vars (Exodur, Agrial, Arcour, and Agridur) from the 
low-yielding cultivars (Cando, Capdur, and Primadur). 
The cultivar Ambral stands alone because of an ex
tremely low yield. Visual examination of mill products 
suggested that these differences correspond more to 
mineral gradient differences within the starchy endo
sperm than to differences of separability between the 
histological layers. A more detailed study on these yield 
differences would be worthwhile. 

Statistical Overview of Results 
To ensure that the differences were not simply due to 

the variation in growing conditions and year of harvest, 
principle components analysis was undertaken, working 
from milling results and characteristics of grains as grain 
size and vitreousness. The name of the cultivar was 
added as a qualitative variable (Fig. 2). 

The first principal plane, which represents more than 
83 % of total inertia, appears influenced by kernel char
acteristics. The first principal axis is strongly and posi
tively correlated to grain size, whereas the second axis 
is negatively correlated to grain vitreousness. With re
spect to milling behavior of durum wheat, the yield in 
total flour was negatively correlated with the percentage 
of vitreousness. In the same way, very close correlations 
were confirmed between semolina ash content and 
wheat ash content (positive correlation), and between 
ash content and milling yield for an ash content of 1.00% 
(negative correlation). There was also a strong correla-

. tion between total semolina yield and first coarse semo
lina. To better characterize semolina milling yalue of 
durum wheat, the first principal plane was resolved in 
three main directions. The first one corresponds to the 
second and fourth bisector, which show semolina yield 
against total bran yield and which can, therefore, be 
interpreted as an endosperm/bran ratio. The second di-

Total Flour 

TKW 

Total Semolina 

0 6 
Component 1 - Inertia= 51.2% 

Fig. 2. Prindpal component analysis of semolina milling value: Representation of variables and cultivars in the first principal plane. 
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rection, formed by the y-axis, can be interpreted as 
representing the mechanical resistance of endosperm 
(or a semolina/flour ratio). Lastly, the x-axis corre
sponds to the separability of tissues with ash content as 
criterion for purity. 

Projecting the varietal origin of the samples on the 
first principal plane allowed genetic differences to be 
demonstrated. In fact, cultivars were essentially distrib
uted along the axis that represents the endosperm/bran 
ratio. This made it possible to classify these cultivars of 
durum wheat in terms of performance during· primary 
processing. In this way, it can be seen that the cultivars 
Agrial, Agridur, Arcour, and Ardente performed better 
than the cultivars Cando and Primadur. The differences 
relating to yield in total flour are less clear, confirming 
how important the agronomic conditions are for this 
characteristic. However, the cultivars that are the most 
resistant to yellow berry (Ardente, Arcour, and Capdur) 
are all located contrary to flour yield. Lastly, the cultivar 
Ambral seems to have been penalized by its low milling 
yield at a set semolina ash content because of the distri
bution of minerals in the endosperm. 

The semolina milling quality of durum wheat seems 
to be influenced mainly by genotype, and to a lesser 
extent, by agronomic conditions. Therefore, it should 
be possible to develop breeding program to improve 
the performance of durum wheat for milling by studying 
endosperm/bran ratio and tissue separability. 

CONCLUSIONS 
There is considerable genetic variation in the semo

lina yield of durum wheat. In the milling trial, differ
ences of 6% were measured between cultivars, whereas 
c\ifferences between the year of harvest, site, or growing 
conditions did not exceed 3 % . It can therefore be con
cluded that semolina quality is a viable objective for 
breeding durum wheats. 

Agronomic conditions affect yields of flour (nitrogen 
deficiency) and feeds (water stress). The crop site also 
has a significant effect, which is probably a reflection of 
the interaction between the plant and the environment. 

Taking into account the legal criterion for semolina 
purity may alter the classification of cultivars in terms 
of semolina yield. Semolina ash content is strongly influ
enced by the mineral content of the unground grain. 
To limit the influence of agro-climatic factors, product 
purity can be expressed as the relationship (R) between 
the ash content of semolina and that of the unground 
grain. Under these conditions, there are still large yield 
differences between cultivars. These are more an indica
tion of the distribution of minerals within the starchy 
endosperm than of differences in separability between 
the histological layers. 

Clear differences in the milling behavior of wheat 
were demonstrated among cultivars and these differ
ences were manifest in the milling behavior. Durum 
wheats with the best semolina milling efficiency were 
those that yielded a large quantity of semolina during 

the first steps of the milling process. This opens the 
way to breeding of durum wheat genotypes for milling 
efficiency on the basis of a simplified and small-scale 
milling test. 
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