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Abstract: The malting quality is mainly defined by the variety of the seed, the chemical composition of grain
destined for the production of malt and the regularity in germination. This study proposes and develops
indicators and quality indexes of malting barley (QIMB), to carry out estimations and assessments rapid, in
three municipalities of southern state of Hidalgo, Mexico. A methodology for rapid diagnosis, easy repetition
and easy communication was used, based on the use of local indicators. The indicator which showed the lowest
average for the three municipalities evaluated was the percentage of grain moisture (QIMB = 0.43), mainly
influenced by soils with retention water capabilities most low. The highest value corresponded to the fat
content (QIMB = 0.91), considered as values of very high quality. The average quality of grains grown in the
region was QIMB = 0.69, without significant differences between the three municipalities. To the content of
protein and fiber, was classified as moderate quality and the power of germination, of high quality to very high
quality, but the grains harvested in the municipality of E. Zapata, were the least viable.

Key words: Indicators of quality malting barley  Quality indexes of malting barley (QIMB)  Hectolitre
weight  Germination power

INTRODUCTION of barley presented an increase of 3.32% w/w, whereas the

Barley is the fourth cereal in importance in the of highland central Mexico only had one rate of 1.81 %
country, after wheat, maize  and  rice.  In  2009,  Mexico w/w; these statistics reflect climate variability in
was  positioned  in  the 54th place with a production of production under rainfed conditions, while under
534 thousands of tons in spring-summer in conventional irrigation conditions is maintained or increased the
farming system, considering the rainy season, known as average annual growth in plantings and better control of
temporal systems [1]. the factors involved in the production [2] (Zamora et al.

The malting barley has great economic importance in 2009). The local industry had to import great amounts of
Mexico, because it represents the economic source of barley because of their needs are not considered in the
thousands of families living in producing areas of high amounts of the national production of this grain, malt
valleys of the central highland and by their uses as raw import has increased from 27 thousand to 256 thousand
material for the malting industry, for forage and as food in tons in the period from 2002 to 2007 [3] and has reached
minor cases [2]. The main producing areas in Mexico are 297 thousand tons in 2010. 
in the center of the country, in the states of Guanajuato, Table 1 provides data on areas planted and harvested
Hidalgo,  Tlaxcala,  Mexico,  Puebla and Michoacan. at the State of Hidalgo between 2006 and 2010. Between
These regions account for approximately 90% w/w of total the years 2006-2008, it was observed there were no large
production. In the period 2000-2009, national production differences  in  the  harvesting   parameters,   during  this

growth rate of production of barley from the high valley
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Table 1: Results of planting and harvesting barley in the years 2006- 2010 in the state of Hidalgo, Mexico. Spring-Summer, temporary irrigation system.
Status of the Years 2006-2010.

Surface (ha) Production (t) Performance (t ha )1

Product ------------------------------------------------------ ------------------------------------------------------- ---------------------------------------
Barley Grain. Planted Harvestable (% losses*) Estimated Obtained (% production) Estimated Obtained (%)

December 2006 121,556 118,327 (2.7) 270,078 225,124 (83,4) 2.222 2.174 (97.2)
December 2007 112,178 105,108 (6.3) 211,168 178,209 (84.4) 1.983 1.695(85.5)
December 2008 118,879 113,303 (4.7) 242,087 198,975 (82.2) 2.206 2.137 (96.9)
December 2009 124,634 75,378 (39.5)* 202,628 98,138 (48.4) 2.018 1.302(64.5)
December 2010 110,447 103,578 (6.2) 230,524 198,364 (86.1) 2.050 1.915 (93.4)

Source: Prepared by the Information Service Food and Fisheries (SIAP), with information from the Delegations of SAGARPA [23] (From
http://www.siap.gob.mx/, May 2011) * Loss on excess rains and destruction crop. % w/w.

Table 2: Average composition of a caryopsis of barley (Hordeumdistichon
L.) [4] (Gomez et al. 2009).

Component Percentages (%)
Moisture 10.0 - 13.0 
Carbohydrates 65.0 - 72.0 
Protein 10.0 - 11.0
Fat 1.5 - 2.5
Fiber 2.5 - 4.5
Ash 2.0 - 3.0 

period there was a decrease of production of 4.5% w/w.
Besides, a decline between 2006 and 2007 could be seen
with recuperative trend in 2008. The year 2009 presented
an economic collapse, with losses in harvest and
production of about 40% w/w and 48% w/w respectively.
In 2010, plantings were affected in 14 thousand hectares
less than in previous years, but recovered harvest levels
that were obtained in 2007 and exceeded the rate of
production    per  hectare.    The     national      harvests
(> 2.00 t ha ), turn out to be the highest, very close to the1

levels obtained in the State of Tlaxcala, the first national
producer (2197 T.ha on the average of these years). In1

Almoloya, Apan and Emiliano Zapata, municipalities of
the Hidalgo State, were reached the highest national
harvests amounts of barley in the year 2006 (higher than
2.4 t ha ). In the year 2007, the production decreased1

significantly and harvests levels experienced important
declines until 1.89 t ha . In the years 2008 and 20091

harvests were estimated between 2.20 and 2.08 t ha  for1

the municipalities mentioned above, but in 2008 only
reached harvests of 2.00 t ha  (below national average)1

and in 2009 of only 1.42 t ha .1

Barley grain is mainly constituted of carbohydrates.
Table 2 shows the grain composition per 100 g product
[4]. The grain size depends on the environmental
influence. Without the dorsal glumilla reaching a maximum
length of 9.5 mm and a minimum of 6.0 mm, in width
measured between 1.5 and 4.0 mm and its density is about
60.5 kg/hL in six-row barley variety and 66.4 kg/hL in the

of two-row. Grain color is influenced by weathering or by
the aleurone coloration, the color can vary from light
yellow to pale yellow until a cream color, or light cream,
also can vary to greenish blue to blue pale-green or even
blue [5].

Several  methods  to  select  genotypes  that  define
the  malting  quality in early variety provide a substantial
advance in the incorporation of desirable characteristics,
but give no information about the enzyme complex
behavior of the grain, processing speeds, losses of
reserve substance or other reactions that occur only
during germination and grain drying under controlled
conditions of temperature, humidity, aeration, among
other factors. Barley in shell is the main feedstock for the
production of malt; their preference is mainly due to the
following advantages [4]:

Several aleurone layers who develop large number of
enzymes.
High content of starch.
Low levels of protein and oil.
Provides protection to the plumule, throughout the
process of malting, prevents breakdown and also
facilitates the handling of the grain.

The quality of malting barley is mainly defined by the
quality  of  the  chemical  composition of grain destined
for  the  production  of  malt and the particular variety.
The malting barleys require a great regularity in the
germination and high diastatic power [6]. The malting
quality traits is quantitative and influenced in various
ways by the genotype, the environment and the
interaction between them, so that this process is
insufficient known [7-9].

Some authors have evaluated other characteristics of
the harvested grain, such as grain crop, calculated on the
weight of the total grain from each plot, expressed in t
ha ; grain size or grain percentage retained on the sieves1
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2.8 and 2.5 mm, weight of 1.000 grains, such as the For determination of fiber was necessary to work with
average weight in grams of two subsamples of 100 grains degreased samples. With this method was determined as
each multiplied by the factor 10, that were previously total fiber, weight loss experienced by burning the dry
dried in a forced air oven at 65°C for 48 hr [9]. residue remaining after digestion of the sample into

Barley for malting, should not have high or low digestion equipment, with solutions of 1.25% w/v H SO
protein content (minimum 8% w/w, maximum 12% w/w, and 1.25% w/v NaOH. The percentages of ash were
although it is tolerant up to 13% w/w) and grain size determined by the method of drying, incineration and
(gauge) should be uniform, large and low percentage of gravimetrically [13]. All determinations were performed
brokens [10]. In addition, to avoid having discounts on five times and their averages were used for the calculation
marketing, grain moisture should not exceed 12% w/w but of indicators and indices.
neither should be low humidity that causes weight loss. The   germination   was   performed   using   the
The Mexican standard establishes that the quality malting NMX-FF-043-SCFI-2003, considering it as the ability of
barley grain should have a moisture content between the grain to start developing embryo. The method of
11.5% w/w and 13.5% w/w, however in other reports dyeing in test tubes for this determination includes 50
consulted [11-12] noted that when is newly harvested the random healthy grains, cut longitudinally, avoiding
grain has a large dispersion of individual moisture range, damaging  the  embryo  and  are  placed  in  a  test  tube.
between 6% w/w and 20% w/w humidity. The germination The   sample   is   covered   with   tetrazoilo   solution
should be greater than 98%. All these features are very (nitro blue tetrazoilo chloride) 1% w/v to start the reaction.
important for rapid and uniform germination of seeds of The indicator reaction is performed in a water bath
barley in the malting process [12]. temperature of 45°C to save time and speed up the

MATERIALS AND METHODS The reaction time under these conditions is at least 8 min

The studied area included three municipalities at the be expected at least 30 min. When the reaction time is
south of the state of Hidalgo: Apan, Almoloya and over, the grains are separated and washed using a small
Emiliano Zapata, all their producing corresponds to sieve at the same time with clean water. If the embryo has
rainfed barley (Table 3). a strong red coloration in growth patterns is indicative

In this study, seven indicators have been proposed that the embryo is alive and has a high viability, lack of
for rapid assessment of quality malting barley crop; this color and/or pale pink, indicating the death of the embryo
indicators are: % moisture in the grain at harvest time, or low viability, respectively.
density test of hectoliter weight, % fat, % protein To quantify the percentage of germination, the grains
nitrogen,  %  total fiber, % ash and germination power. are determined alive (by count) and the figure is multiplied
The total moisture determination in grains was performed by two represents the percentage of viability for
by the gravimetric method [13-14]. The hectoliter weight germination. To perform the evaluation of the quality of
test, according to the methodology is also described by malting barley, taking into account the proposed
the Mexican standard NMX-FF-043-SCFI-2003 and by indicators  were  established  indices (QIMB) seen in
Lopez and colleagues (2005) [6]. Table 4. 

The percentage of fat was performed by equipment For the moisture percent, the maximum and minimum
brand LECO TFE 2000, using supercritical CO  at a values were found in five units below the value which is2

pressure of 9000 psi; 0.20 g of dry sample were weighed reported in Table 2 [4] as optimum values of moisture
and taken to the equipment. The protein nitrogen was grains. This is because Mexican standards [14] allow
evaluated by the method of Dumas [15] in an equipment subsidies to farmers for low values of humidity in their
LECO FP-528, with oxygen chamber where combustion products. For higher values there are payment
takes place at 850°C, a heat conductivity cell and a deductions.
microprocessor in where calculations are performed and To obtain a single value for each parameter, a
operating parameters are controlled. As the carrier gas weighted average according to the proportion that
helium is used for the pressure control, compressed air occurred in the crops studied at the time of harvesting
and oxygen is used for combustion. The determination of was also carried out. The selected indicators were
fibers is carried out under the conditions of the AOAC normalized on a 0-1 scale representing the best and worst
1995  b  method  962.09  [15], determined  as  total  fiber. condition  from the point of view of quality for the grains,

2 4

reaction  of  appearance  of  a  red  color  pink  to    red.

to 15 min maximum. If it is done at room temperature can
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Table 3: Location and location of the municipality under study.
Locality Latitude Length Altitude (m) Temperature °C
Almoloya 19°45’14’’ 98°21’57’’ 2730 12.2
Apan 19°41’16’’ 98°23’33’’ 2547 14.1
E. Zapata 19°39’14’’ 98°33’22’’ 2506 15.2

Table 4: Proposed indicators for evaluating quality of malting barley, measurement units and indexes as defined minimum and maximum values.
QIBM
-------------------------------------------------------------------------------

Indicator U.M. Max. Min.
Moisture % 15.0 6.0
Density test weight Kg/hL 78 65
Fat % 2.0 0.1
Protein % 12.0 8.0
Total dietary fiber % 7.0 1.0
Total ash % 5.0 0.5
Germination power % 100 85
% w/w

Table 5: Quality classes for malting barley grain.
Index grain quality of barley. Scale Class Criteria
Excellent quality 0.90 - 1.00 1 Grade quality Mexico, according NMX-FF-043-SCFI-2003 [13].
High Quality 0.80 - 0.89 1 Grade quality or Mexico.
Moderate quality 0.70 - 0.79 2 Malting industry accepted with a penalty, or known as non-degree certificate Mexico.
Media quality 0.60 - 0.69 3 Use as attachments malting industry.
Low quality < 0.59 4 Use as fodder.

irrespective   of    measured   absolute  values. The indicator with the lowest average value for the
Expressions were considered for two scenarios: when the three municipalities was the grain moisture percentage
maximum value of the indicator (Imax) is the best quality (0.43), influenced mainly by the low humidity that had
of grain: Almoloya and Emiliano Zapata grains, these low

V  = (I  - I )/(I  - I ) retention capabilities. The highest value corresponded ton m min max min

As the value Imax corresponds to the worst quality between 0.64 and 0.81. The general average of the quality
of barley grains: of malting barley grown in the southern state of Hidalgo

V = 1 - (I  - I /I  - I ) the three municipalities; on the other hand, the grains ofn m min max min

Where: In general, specific analysis by municipality shows
Vn = normalized value, Im = measurement of the indicator, that the grains of barley grown in the municipality of
Imax = maximum value of the indicator, I min = minimum Apan has good quality (0.72), while the grains grown in
value of the indicator. the towns of Almoloya and E. Zapata present a moderate

QIMB for interpreting scale was used for E. Zapata were those with the poorest quality of all. Based
transformation in this case was proposed in four quality on the moisture content in grains, the worst result
classes of grains (1 to 4) shown in Table 5. corresponds to those grown in soils of Almoloya,

RESULTS AND DISCUSSION sandy textured soils with lower water holding capacity

Table 6 shows the normalized values of quality as poor quality grains. The grains grown in Apan can be
indexes of malting barley (QIMB) calculated, resulting in classified as moderate quality due to its moisture and
each municipality. double value in QIMB.

humidities correspond to the soil with lower water

the fat content (0.91). The other indicators ranged

was 0.69, no significant differences for this index among

barley were considered moderate to good quality.

quality rate (0.69 and 0.65, respectively); grains grown in

followed by soils of E. Zapata, which associates with more

[16], no significant differences for these QIMB; classified
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Table 6: Indicators and indices of quality of malting barley (QIBM) for municipalities.
Values of the QIBM by town QIBM
---------------------------------------------------------------------------------------------------- -----------

Indicator Apan Almoloya E. Zapata Average
Moisture 0.64 0.30 0.34 0.43a b b

Density test weight 0.76 0.74 0.46 0.65d d e

Fat 0.84 0.92 0.97 0.91f g g

Protein 0.67 0.63 0.80 0.70h h i

Total dietary fiber 0.75 0.68 0.61 0.68j k k

Total ash 0.58 0.72 0.63 0.64l m l

Germination power 0.83 0.91 0.70 0.81n o p

Total Average 0.72 0.69 0.65 0.69r r r

Different letters in rows indicate significant differences (p<0.05).

For the hectolitre weight density (HWD) of the grains, the
lowest QIMB (0.46) corresponds to the municipality of
Emiliano Zapata (HWD young grain yields per hectare
and lower). Importantly, the density per hectolitre weight
is also associated with fat content (less density) and
carbohydrates and QIMB correspond in that order. This
can be corroborated from the calculation of QIMB
carbohydrates as:

QIMB (carbohydrates) = (QIMB + QIMB  + (A)Moisture Fat

QIMB  + QIMB  + QIMB )/5Protein Fiber Ashes

This expression was used by White and colleagues
[17] to calculate the percentage of carbohydrates in cereal
grains. For municipalities of Apan and Almoloya, the
QIMB  obtained  allows  to  classify  them  as  good
quality  with  no significant differences between them.
The fat contents are considered optimal proportions
(QIMB = 0.91), thus classified as an average quality.
Moreover, protein content, on average 0.70 to represent
about QIMB, allowing value them as good to moderate (B)
quality. However it should be noted that the value of
QIMB for proteins of barley grains grown in E. Zapata is Fig. 1: Barley photograph a) non-viable (left), b) viable
raising the regional average, but this value can be seeds (right). The cross section shows the stained
misleading, although the average protein content in barley embryo.
grains in E. Zapata was 12% w/w (maximum value, content
suitable for malt production), it may be related to the In  grains  it  has  been  observed  that the ash
practice and use of nitrogen fertilizers in these soils. content  ranged  from  1-3%  w/w  [16]   which

Reach increasing levels of dietary fiber of the grains corresponds with that reported by Dendy and
of malting barley to values close to 6-7% w/w in these Dobraskczyk, 2004 [5]. It was observed that for Almoloya
three municipalities, can help increase the quality of the and Emiliano Zapata, 0.72 and 0.63 QIMB were obtained,
final product malting and beer. Some components of the respectively.
fibers are cellulose, hemicelluloses, pectins, gums and The rate of absorption of minerals in barley is very
mucilages. The heist particle size is related with the heist high, especially at the beginning of the vegetative phase,
water absorption capacity. Analyzing these elements can then decreasing until it disappears, [6, 18-19].
be inferred that this would enable the option to increase The power of germination led QIMB = 0.81 and
the moisture retained in QIMB grains and increased average  ranks  from  good  to high quality, for grains of
hectolitre weight rating. E.  Zapata   were   lower  (QIMB   =   0.70), classified   as
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moderate to low quality, this indicates that the grains were application of a methodology for rapid assessment of
found to be less viable. Almoloya grains have these indicators, we can conclude that the indicator that
demonstrated the highest viability, followed by Apan had the lowest average value for the three municipalities
grains. The Figure 1 shows viable seeds (with stained was the moisture content of grain (0.43), mainly influenced
embryo) and non-viable (unstained embryo). by the soils with lower water holding capacity. The

A range of environmental conditions favorable are highest value corresponded to the fat content (0.91),
necessary for the process of germination takes place, considered as high quality values. The overall average
such as an enough moist substrate to allow oxygen quality of malting barley grown in the southern state of
availability and aerobic respiration, a suitable temperature Hidalgo was QIMB = 0.69, with no significant differences
for the various metabolic processes and for the between the three municipalities.
development of seedling. Also, the water absorption by With respect to the dimensions and weight of the
the seed triggers a sequence of metabolic changes, grain hectoliter were classified as moderate to good
including respiration, protein synthesis and mobilization quality. For the content of protein and dietary fiber, grains
of reserves. were considered as moderate quality and by the power of

The cell division and elongation in the embryo germination the grains in the region were classified as
causes rupture of the seed coat,  which  usually occurs by good to very high quality, but the grains harvested in the
the rise of the radicle [16, 20]. If the seeds are town of E. Zapata were the least viable.
morphologically mature, many of them may be unable to
germinate. Typically, the loss of inhibitors or the ACKNOWLEDGMENTS
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