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Introduction
Extrusion cooking is a high temperature – short time pro-

cess, which involves cooking, forming and drying the prod-
uct in an integrated process is one of the most important
processing techniques used in the development of food prod-
ucts1. During an extrusion process the wet raw material is
subjected to high temperature, pressure, and intense shear
forces that cause intensive changes in raw material compo-
nents, which favors the development of browning reaction
leading to the formation of maillard end products2. Although
extrusion processing results in increased protein digestibi-
lity, overheating causes degradation and reduces the
bioavailability of protein and essential amino acids like lysine
due to exposure to high temperatures3.

The Maillard reaction is maximal at water activity values
in the range 0.5–0.74. During extrusion process, intermedi-
ate moisture systems are produced and lysine losses in-
crease considerably. Several reports had attempted to re-
late Maillard reaction and discoloration or browning to loss
of lysine. The major nutritional change due to extrusion
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processing in soya-sweet potato mixtures was the loss of
lysine, probably via reaction with reducing sugars5. Nutri-
tional quality of corn snacks enriched with nanofiltered whey
powder was studied for available lysine content at different
feed moisture content6.

Lysine content of cereal products is generally low and is
one of the most sensitive and limiting amino acids in the
human diet7. Milk protein is relatively high in protein and lysine
and its production has considerably increased in recent years.
Hence, combination of milk protein-maize in a food system
can fulfill the nutrient quality of cereals. Extrusion of milk
protein-maize system might favor Maillard reaction and lysine
loss due to the presence of both reducing sugars and -amino
group of lysine. The length and conditions of storage can
also influence the progress of the Maillard reaction that oc-
curs during their processing8.

The 1-fluro-2,4-dinitrobenzene (FDNB) procedure has
been considered as a standard reference method for moni-
toring reactive lysine9. The N--[2,4-dinitrophenyl]-L-lysine
(-DNP-Lysine) formed after FDNB derivatization is measured
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using chromatographic methods. The aim of the study was
to determine the effect of the addition of milk proteins on
available lysine content in milk protein-maize extrudates from
the raw material of different moisture content and their sta-
bility during storage at different temperature.

Results and discussion
Available lysine content of extrudates:
Lysine measurement has received much attention be-

cause lysine is the limiting essential amino acid in many foods
as well as it is one of the very reactive amino acids, and its
availability is often monitored as an indicator of the severity
of processing on the nutritional quality of protein foods10.
The -amino group in lysine facilitates its participation in
degradational reactions affecting the bioavailability and nu-
trition value of protein rich food products during heat pro-
cessing and storage11. Maillard reaction occurs in many
foods, including dairy products during extrusion processing.
In an early step, the free amino groups of the proteins react
non-enzymatically with reducing sugars and in the advanced
step of Maillard reaction, proteins are modified into colored,
fluorescent and cross-linked molecules. The Maillard reac-
tion plays an important role in the production of undesirable
organoleptic characteristics (flavor and color)12 and in the
decrease of nutritional quality, especially loss of lysine13.

The available lysine content of extrudates are presented
in Fig. 1. The description of samples are Control - 100%
maize extrudates ; C0812- Rennet Casein 8% + maize +12%
feed moisture; C0612- Rennet Casein 6% + maize +12%
feed moisture; W0814 - WPC-70 + maize + 14% feed mois-
ture; W0412 - WPC-70 + maize + 12% feed moisture; C0814
- Rennet Casein 8% + maize + 14% feed moisture. There
was improvement in available lysine content with incorpora-
tion of milk protein in formulation. At 100ºC, the losses were
greater in whey proteins because of the denaturation of whey
proteins, which may favor the Maillard reaction6.

The control sample was found to have significantly (p <
0.05) lower available lysine content of 1.83 g/kg of sample.

Fig. 1. Available lysine content of milk protein-maize based extrudates.

Fig. 2. Chromatogram of C0812 with area 197855 at retention time 15 min.
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Similar trend of results were found in cereals that the avail-
able lysine were in the range of 1.71–1.78 g/kg of sample13.
Both protein content and feed moisture influenced the avail-
able lysine content significantly. Increasing the protein con-
tent at lower feed moisture resulted significantly higher avail-
able lysine content than extruding at higher moisture con-
tent. In our study C0812 resulted in higher available lysine of

8.84 g/kg than C0814 of 5.40 g/kg. This result was supported
by available lysine content of peanut meal extrudates10.
Among the milk protein incorporated extrudates maximum
available lysine was found for C0812, whereas W0412 had
lowest values for the same. The extrudates resulted in higher
available lysine content was studied for the stability at differ-
ent temperature storage condition.

Fig. 3. Chromatogram of C0814 with area 123562 at retention time 15 min.

Fig. 4. Chromatogram of W0814 with area 118104 at retention time 15 min.
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Fig. 5. Chromatogram of W0412 with area 94349 at retention time 15 min.

Fig. 6. Chromatogram of C0814 with area 123562 at retention time 15 min.

Changes in available lysine content of extrudates during
storage:

Extrusion processing generates heat friction which pro-
motes interaction among the sugars and free amino acids or
peptides/proteins leading to Maillard browning reaction14.
Lysine is one among the amino acids mostly take part in
Maillard reaction. The -amino group of protein-bound lysine

can react with glucose, maltose or lactose to form amadori
reaction products, which are not susceptible to attack by pro-
teolytic enzymes during digestion. Loss of available lysine,
which is the most negative nutritional consequence of the
Maillard reaction, is particularly of significance in cereals
which are limiting in this essential amino acids.

Loss  of nutritive value in heated foods is due to block-
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age of lysine residues, which are not available for digestion
due to complex formation at all stages of Maillard reaction15.
Loss of available lysine may also attributed to reduced di-
gestibility and inhibition of enzymes16. Available lysine was
determined in order to ascertain the percent loss of lysine
mainly through its involvement of environment in Maillard
browning reactions. The changes in available lysine content
of extrudates during storage at 25ºC and 37ºC are presented
in Table 1.

It has been observed that the available lysine content of
the product decreased significantly (p < 0.05) during the stor-
age at 25ºC and 37ºC .The available lysine content of the
product on the initial day was found to be 8.36 (g/kg of
Sample) which reduced after one month of storage to 4.28
g/kg of Sample and 2.97 g/kg of Sample at 25ºC and 37ºC,

respectively. The loss of available lysine was maximum 48%
at 25ºC and of 64% at 37ºC in the extrudates after 1 month
of storage. Lysine losses were greater at 37ºC than at 25ºC,
which clearly indicates the influence of temperature on
Maillard reaction. Maillard reaction once initiated remain con-
tinue during storage; however the rate of reaction depends
on temperature. The reason behind it was due to the higher
loss of available lysine at higher temperature.

Similar trend was reported in commercial infant cereals
in which addition of milk solids doubled the loss of available
lysine after storage at room temperature (25ºC and 32ºC),
compared with the milk-free products. The loss of available
lysine was 10% and 23% in commercial samples after 1 year
of storage at 32ºC and 55ºC, respectively7.

Table 1. Changes in available lysine content of extrudates during storage
Storage period Available lysine content 25ºC Available lysine content 37ºC
(weeks) g/kg of Sample g/kg of protein Lysine losses (%) g/kg of Sample g/kg of protein Lysine losses (%)
0 8.36±0.19d 49.06 – 8.36±0.19d 49.06176 –
1 7.67±0.15c 45.02 8.23 6.23±0.38c 36.57181 25.45
2 6.19±0.16b 36.37 25.86 4.51±0.14b 26.45341 46.08
3 4.76±0.24a 27.94 43.04 3.60±0.07c 21.14166 56.90
4 4.28±0.21a 25.15 48.71 2.97±0.35c 17.42261 64.48
a,b,c,dMeans with the different letter within column are significantly different (p < 0.05).
Mean ±S.E. (n = 3).

Fig. 7. Chromatogram of control with area 49445 at retention time 15 min.
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Experimental
Raw materials and sample preparation:
Maize grains and milk protein sources were procured from

Karnal Farmer and Modern Dairies Ltd., Karnal, Haryana,
India respectively. Level of milk proteins in formulation was
adjusted by using requisite quantity of rennet casein/WPC-
70. Maize flour and milk proteins viz. WPC-70/ Rennet casein
were dry-blended by passing through sieve (2 mm) and cal-
culated water was sprayed over it to adjust 12, 14 and 16%
moisture in pre-mix. The mixture was again passed through
2 mm size sieve and blended for 15 min to obtain a uniform
mixture. The pre-mix was packaged in 1 kg Low Density Poly-
ethylene (LDPE) bag and stored overnight for equilibration
of moisture.

Extrusion cooking:
A twin screw extruder (Basic Technology Pvt. Ltd., Kolkata,

India) was used for the preparation of extrudates. The condi-
tioned mixture was fed to feed hopper equipped with screw
augers to load materials into the barrel at uniform rate. The
extruder screw speed was set to 340 rpm throughout the
experiment. The temperature of inlet and outlet cooking sec-
tion was set to 40ºC and 100ºC, respectively. The plasticized
mass was passed through 4 mm die and extruded samples
were dried for 30 min at 50ºC. The dried samples were col-
lected and stored in the appropriate laminated bags for fur-

ther sensory and textural analysis.
Storage studies:
Optimized  product prepared by extrusion was packed in

metallized LDPE pouches and they were kept in incubator at
25±1ºC and 37±1ºC for 30 days. The samples were drawn
at an interval of 1 week for analysis of available lysine con-
tent.

High performance liquid chromatography- Available lysine
content:

The available lysine of the extrudates by HPLC method
was determined by adopting the method of Peterson17 with
slight modifications. Five hundred milligram of sample was
accurately weighed and placed in a 250 mL boiling flask.
Glass beads along with 12.5 mL of 8% sodium bicarbonate
was added and allowed it to wet for 10 min. After the sample
was wetted by the sodium bicarbonate solution, 15 mL of an
ethanol solution containing 0.4 mL of FDNB solution was
added and the sample was shaken for 2 h in the orbital shaker
at room temperature. The ethanol was then boiled off in a
hot water bath. 30 mL of 8.1 N HCl were added to the sample
and refluxed for 16 h. After hydrolysis, the sample was fil-
tered while hot into a 250 mL volumetric flask and brought to
volume with distilled water. Approximately 2 mL was then
filtered through a 0.2 m disc filter. Separation and quantifi-
cation of DNP-lysine in the sample was then done by HPLC.

Fig. 8. Chromatogram of standard -lysine at retention time 15 min.
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-DNP-lysine was determined by the external standard
method. The concentration range was 5–25 g/mL, with a
correlation coefficient (r2) of 0.926.

Chromatographic conditions:
Ten microliters of filtered solution were separated in a

reverse-phase C18 HPLC column (250×2 mm i.d 5  particle
size, Waters Alliance 2695 with PDA detector). The mobile
phase was 20% acetonitrile and 80% 0.01 M sodium ac-
etate buffer (pH 4.0). The elution was isocratic and the flow
rate was 1 ml/min. The UV detector was set at 436 nm. The
run time of -DNP-lysine was 20 min.

Statistical analysis:
Results of the analytical determinations were expressed

as mean ± standard error (SE) of 3 measurements. The in-
fluence of independent formulation and processing variables
on available lysine content of extrudates was analyzed us-
ing one-way analysis of variance. Significant differences were
defined at p < 0.05. All the analyses were performed using
IBM SPSS Statistics 20.

Conclusion
Incorporation of milk proteins into extrudates improved

the nutritional value. Addition of Rennet Casein to the maize
flour during extrusion showed significantly (p < 0.05) higher
available lysine content of 8.84 g/kg compared with WPC-
70.  Storage stability of milk protein-maize based extrudates
has resulted in significant difference in available lysine. Stor-
ing the samples at 25ºC had the maximum retention of avail-
able lysine. The product developed will create new domestic
and export market opportunities for the food and dairy indus-
try. Research has also produced value added products from
maize with good nutritional and acceptable product charac-
teristics.
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