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ABSTRACT

Glucono-delta-lactone {GDL), lactic acid bacteria (LAB) and their metabolites
(LABM) were added lo buffalo’s milk before cold storage for 72 h. Numbers of total
bacteria (TBC), psychrotrophs (Ps.BC), prteolytic (PBC) and lipolytic (LBC) bacteria
were counted during storage period. Ali milk samples were analysed for pH, acidity,
TN and NPN and for stability to ethanol (AS) and to rennin (RCT). The resultant curd
was tested for curd tension (CT) and curd syneresis (CS).

Results showed that the prementioned bacteria gradually increased during
storage of the untreated milk whereas the applied treatments decreased the numbers
of TBC, PsBC, PBC and LBC during siorage period and the best results were
achieved using LABM. -

Acidity and NPN/TN gradually increased during storage period but with
different rates. AS was the highest in the control milk and the lowest in LABM-treated
milk, whereas RCT was longer in the first case and shorter in the second one. GDL
slightly increased CT and LABM decreased it. All the applied treatments increased
slightly CS when compared to the untreated milk.

INTRODUCTION

Psychrotrophs are defined as the organisms which are able to grow
at 7°C or less, regardless of their optimal growth temperature, Such bacteria
are heat-sensitive and killed easily by the mild heat treatments (Fairbaim and
Law, 1986) but they produce heat resis}ant lipases and proteinases

(Kohimann ef al., 1991 ; Shah, 1994 ; S rhaug and Stepaniake, 1997).
Presence of the prementioned enzymes adversely influences the quality and
shelf-life of most dairy produces including gelation of UHT milk and
development of off-flavour in pasteurized milk and other dairy products.
Besides they decrease the yield of cheese (Cousins, 1982 ; Shah, 1994 and
Burdova et ai., 2002).

Controlling the growth and multiplication of the psychrotrophs was
the aim of numerous studies. Zall and Chen (1981) and Dzurec and Zall
(1982) revealed the importance of applying thermination, whereas Wolfson
and Sumner (1993) and Shah (1994) suggested activation of the LP-system
before cold storage of milk.Juffs and Babel (1875) and Champagne et a/.
(1990) showed the inhibition action of lactic acid bacteria (LAB) on
psychrotrophs.

Some local studies were carried out on buffalo’s milk in this respect.
These include carrying of thermization, activation of the LP-system, adding
LAB or making combination from these treatments (Moussa ef al., 2000 ;
Mehanna et al., 2001 ; Saleh, 2001 and Ei-Ghandour, 2002).

The present study was a trial to control growth and multipiication of
psychrotrophs during cold storage of buffalo’'s mitk via direct acidification
using GDL, adding LAB or using LAB metabolites (LABC). Impact of such
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trials on chemical composition and some properties of milk were taken into
consideration.

MAERTAISLS AND METHODS

1- Fresh buffalo’s milk used in the present study was collected from the herd
belongs to Mehalet Moussa Station, Animal Production Research Institute,
Kafr El-Sheikh.

2- Glucono-Delta-Lactone (GDL) was obtained from Roquette, France.

3- Lactic acid bacteria (LAB), thermophilic DVS yoghurt cuiture (YC-XIl) was

) obtained from Chr. Hansen Lab., Denmark.

4-  Lactic acid bacteria metabolites (LABM) were prepared by adding the
prementioned LAB to sterile liquid skim milk (12%) at the rate of 0.04 g/L in
conical flasks. The flasks were incubated at 40:+0.5°C for 6 hours until
complete coagulation. The coagulum after mixing was then pasteurized at
72°C for few minutes, mixed well and the filtrate was collected using
Whatman No. 42 filter paper. This filtrate represents LABM.

The collected milk samples were divided into 5 equal portions to give the
following treatments:

The first portion was kept without any additives and served as a control

sample. The second and third portions were treated with GDL at the rate of

0.02 and 0.05% (wiw) to give treatments | and 1l respectively. For treatment

Il LAB was added at the rate of 0.04 g/L, whereas LABM was added to milk

to decreased the original pH of milk to 6.65+0.01 representing (treatment 1V).

About 20 ml was required in this respect.

The treated and untreated milk samples were stored in refrigerator
(5£1°C) and analysed at the beginning an after 24, 48 and 72 h of storage.

Total bacterial count (TBC) and count of psychrotrophs (Ps.BC) were
carried out using nutrient agar medium (Oxoid) as described by American
Public Health Association (APHA, 1992). Poteolytic bacterial count (PBC)
was counted using nutrient agar medium (Oxiod) with adding sterile milk
(12%} to the plates before pouring the melted medium (Chalkmers, 1962). On
the other hand, lipolytic bacterial count (LBC) was enumerated using the
same medium of PBC but with adding butter fat at the rate of 5% (Bermy,
1933) instead of sterile milk.

All milk samples were chemically analysed for pH, acidity, NPN and
TN as described by Ling (1963), whereas stability of milk to ethanol was done
according to method of White and Davies (1958).

Rennet coagulation time (RCT) was measured using the same
amounts of rennin units (Fahmi and Amer, 1962). Curd tensions (CT) was
determined at room temperature (25-30°C) as described by Chandrasekhara
et al. (1957), whereas curd syneresis (CS) was determined at the same room
temperature according to Mehanna and Mehanna (1989).

The collected data were statistically analysed for anlaysis of variance
and Duncan’'s test as well as averages and standard error as given by Steel
and Torrie (1984).
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RESULTS AND DISCUSSION

Table (1) reveals that total bacterial count (TBC) and psychrotrphic
bacterial count (Ps. BC) were almost in an insignificant increase during cold
storage of control milk and the maximum counts (log CFU/ml} were recorded
at the end of storage period. GDL was added at the higher ratio {0.05%) and
such effects was significant with respect to Ps.BC.

The same trend of results was observed with respect to proteclytic
bacterial count (PBC) and lipoytic bacterial count (LBC) which tended to
increase ~ in general — in contrel milk and decrease in GDL-treated milk
during the storage period. Again, the higher was the amount of GDL added,
the lower were PBC and LBC at any given storage time. Such action of GDL
might be due to its hydrolysis o gluconic acid after dissolving in milk and
subsequently increased acidity and decreased pH.

Although lactic acid bacteria (LAB) were added in treatmentl] to
milk prior to its cold siorage, the TBC was lower at any given storage time
when compared to the corresponding count of the control. This might be due
to the unfavorable conditions for their growth and multiplication. This impact
of LAB agrees with the finding of Mehanna et al. (2001). They found that in
LAB-treated milk, TBC gradually increased during cold storage of milk and
the rate of increase was inversely correlated with the number of LAB added.
On the other hand, adding LAB {Treatment 11} considerably decreased the
PsBC during storage of milk and their values were considerably different than
those of the control milk after 24, 48 and 72 h of storage. These are in
accordance with the resuits of PsBC given by Mehanna ef a/. (2001). They
gave values (x10% of 2.75, 2.85, 2.95 and 3.13 for the untreated milk stored
in refrigerator for zero, 24, 48 and 72 h respectively. The corresponding
counts in LAB-treated milk were 2.75, 2.63, 2.51 and 2.37 respectively.

Concerning PBC and LBC, it was found that LAB had the same
inhibitory action on their counts. Their numbers in LAB-treated milk
{Treatment ) gradually decreased during storage and considerably differed
in most cases than the corresponding counts of the control milk at any given
storage time. In LBC gradually increased during cold storage of untreated
milk and gradually decreased during cold storage of LAB-treated milk.

't may be of interest to note that adding LAB metabolites (Treatment
IV, Table 1) greatly decreased TBC and considerably decreased PsBC, PBC
and LBC during cold storage of milk. Such impact was more effective when
compared to those of using LAB (Treatment ll} or GDL (Treatments | and i1).

The role of LAB or their metabolites (LABM) might be due to LAB still
active during cold storage of milk {Mehanna et al,, 2001) and can lower the
redox potential to prevent growth of psychrotrophs (Shah, 1394). Aiso, LAB
can produce a variety of substances with antibacterial activity such as H,0,
and bacteriocins {Desmazeaud, 1992 and Shah, 1994). Such substances
may be more concentrated in LABM and cause more effectiveness.
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Table (1) Bacterial count (log CFU/ml} of untreated and treated milk
samples stored in refrigerator for 72 h (Means:+SE of 3

i'ap'llc_ate§).

'Property Treatments
Storage time (h} Control 1 I n v
Total count
i 0 6.43+0.18™ | 6.52+0.14™ | 6.49+0.05™ | 6.23t0.17 | 6.15:0.14"™
24 6.68+0.23" | 6.65+0.14™ | 6.13x0.16™ | 657:0.12* | 6.08:0.22*
48 6.56+0.27* | 6.5310.26™ | 6.34+0.28™ | 6.4310.37 | 5.98+0.41
72 5.8340.05™ | 6.06:0.468"® | 5.96+0.12™ | 6.31+0.30"™ | 5.724024™
IPsychrotrophic
0 5.0010.18™ | 5.07:0.23™ | 5.00+0.04 4.96:0.23" | 5.02+0.05™
24 5.25+0.02" | 4.87+0.07%" | 5.02+0.05°® | 4.94+0.07%* | 4.81:0.04%
48 5.33+0.14* | 4.72:007%" | 4.8840.05™° | 4.8210.04® | 4.52:0.06%
72 5.4310.15 | 4.7240.07% | 4.8310.03% | 4.87+0.04® | 3.40+003%
Proteolytlc
0 3.4410.07% | 3.69:0.04™ | 3.46:0.09°° | 3.49:0.07° | 3.28:0.06>
24 3.55:0.08"% | 3.61:0.04 [ 3.3740.07%* | 3.33:0.05% | 3.25:0.06%
49 3.8120.24™ | 3.5610.03** | 3.28+0.03™ | 3.38+0.15% | 2.91+0.05%
72 3.40+0.00™ | 3.29+0.08% | 3.18:0.13%™ | 3.38:0.05* | 2.86+0.08
Lipolytic
0 3.23+0.08™ | 2.98+0.48™ [ 2.8110.48™ | 3.05:0.18" | 3.05+0.09™
24 3.28:0.10™ | 2941020/ | 2.90:0.33" | 2.54+0.25"% | 2,79+0. 14>
48 3.35+0.18* | 2.65:0.11™ | 2.5610.34™ | 2.45:0.17°% | 2.58+0.15®
72 3443014 | 2431028 | 237+0.11% | 2241041 | 1.94+008%
* Control means milk without any additives, treatments 1 and Il represent milk treated with

GOL at the rate of 0.02 and 0.05% respectively. Treatment il represents milk treated with
lactic acld bacteria {LAB), whereas treatment [V represents milk treated with LAB
metabolites {LABM).

- Averages In the same row {A, B... ott) or in the same column (a, b... etc) with different
superscripts differed significantly (P<0.05).

As a results of appiying the previous treatments, pH of milk
decreased and the acidity increased (Table 2). At zero storage rime, these
changes were more pronounced in case of using LABM (Treatment IV).
During storage of treated and untreated mitk samples, the pH gradually
decreased and the acidity gradually increased but with different rates. Such
changes were insignificant and only significant in case of acidity values of the
control milk. The same trend of results was observed by Saleh (2001) with
respect to effect of LAB and storage period.

The proteolysis expressed as NPN/TN was observed in the control
and all treated milk samples with exception of LABM-treated milk. Table (2)
shows that the control milk possessed from the greatest proteclysis (6.98-
8.11%), whereas adding GDL greatly decreased such proteolysis (Treatment
I and I1). The higher was the amount of GDL added, the lower was the rate of
proteclysis. Moreover, treatment () showed the lowest NPN/TN values when
compared to the corresponding vaiues for the control and treated samples at
any given storage time. This suggests that adding GDL at the rate of 0.05%
greatly controlled the proteolysis during cold storage of milk, but the
differences in NPN/TN of all samples were statistically insignificant. Action of
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LAB on controlling proteolysis during cold storage of mllk was more
pronounced in the studies given by Saleh (2001) and El-Ghandour (2002)
This might be due to differences in composition and microbiological quality of
milk. .

Table {2): pH, acidity and NPN/TN of untreated and treated milk sa'niples

stored in refrigerator for 72 h (Means+SE of 3 replicatesl

roperty Treatments

torage time [h) Control I ] n v

H

r 0 6.80+0.038™ | 6.7610.049™ | 6.69:0.055™ |6.80+0.0110™| 6.65£0.001™
24 6.80:+0.026™ | 6.7640.029"% | 6.68:0.035™ | 5.8410.17™ | 6.7510.029*%
48 5.80+0.022"" | 6.76+0.020°* | 6.66+0.04% | 6.89+0.047™ | 6.75+0.029%
72 6.72+0.014"> | 6.74:0.038"* | 6.63:0.040* | 6.8410.039" | 6.75:0.045"

Acidity (%) "
0 0.17:0.001™ [ 0.1820.005™ | 0.16£0.001™ | 0.18£0.001" | 0.19:0.006™
24 0.18£0.006™° | 0.19+0.006™ | 0.20+0.006™ | 0.1810.006™ | 0.19+0.006*
48 0.18£0.004** | 0.19+0.006™ | 0.20:0.006™ | 0.19:0.009™ | 0.20:0.00™
72 0.19+0.005* | 0.19+0.006™ | 0.21:0,006™ | 0.19+0.009* | 0.21+0.006™

PNITN (%) A
0 6.96+0.447™ | 6.96+0.400 | 7.070.454™ | 7.57+0.531™ [ 8.07+0.329™
24 7.3310.381M | 7.5540.254*® | 6.42+0.403™ | 7.80+0.576™ | 8.07+0.329™
48 7.3340.384M | 7.5540.254*® | 7.14£0.280™ | 7.81£0.626™ | 8.07+0.329™
72 8.1110. zaaj 8.00+0.078™ | 7.80+0.182** | 8.26+0.644"" | 8.07+0.329™

* See legend to Table (1} for details,

Concerning ethanol stability, Table (3) shows that at zero storage
time the control samples had positive results with 92% ethanol, whereas the
weakest ethanol concentrations required were 91, 89, 92 and 87% for
treatments |, I, Il and IV, respectively. This might be to the corresponding
acidity and pH values. During storage all samples were coagulated by lower
ethancl concentrations suggesting lower AS. Samples from treatments Il and
Il showed the lowest AS armong all the applied treatments (P<0.05), whereas
the control was significantly more stable at any storage time followed by
samples from treatment Iii.

Rennet coagulation tire (RCT) had a wide range of variations at any
given storage time indicating that the applied treatments had significant effect
in this respect. Table (3) reveals that the control sample was the slowest one
in this respect. This was only true at the beginning, but during storage a
gradual decrease in RCT was recorded in the control and all treatment
sampies with exception of treatment Ill.

The impact of GDL might be ascribed to increase solubility of calcium
salts in milk which by its turn accelerated RCT. Abd El-Salam et al. (1996)
reported the same finding and mentioned that GDL showed changes similar
to that of enzymatic coagulation of milk in which two phases can be
distinguished i.e. the onset of gelation and development of fine curd.
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Concerning effect of LAB, our results agree — in general- with those
given by El-Ghandour (2002). He mentioned that the changesin RCT as
affected by adding LAB were insignificant but were highly significant as
affected by cold storage of milk,

The differences in curd tension {CT) due to the applied treatments
were not clear enough to make conclusion. At the beginning of storage,
treatment IV had the lowest CT value, whereas the other treatments had
nearly the same values. This was also true at 48 and 72 h of storage.
However, GDL caused an increase in CT when compared to the control
samples. This agrees with the finding of Naeim ef al. {2003), whereas action
of LAB agrees - in general- with the trend given by El-Ghandour (2002).

Table (3): Changes in stability to ethanol and rennet clotting time {min)
of buffalo’s milk during storage in refrigerator for 72 h
__{Means1SE of 3 replicates).

Property Treatments 1
A

Storage time () <°""! e v j

AS i __1
0 92+0.001™ [ 91:0.577= | 89:0577™ | g2+0.001™ | 8705777
24 92+0.001* | 91:0.577* 88+1.15™ 91+0.577** | 87+0.058%
48 80+1.15" | 87:0.577™° B0+1.15™ 91+0.577"* | 84:0.001%°
72 86+1.15" 8411.150*‘:J 75+2 39%° 86£2.89™ 78:1.15%

RCT
0 6.19+1.28™ [4.30:0.655" | 2.8320.491% | 5.83+1.02°% [4.95-1 209°
24 6.58+1.23% | 4.3520.811*% | 2.58-0.387™ [ 6.59+1 643" | 2.32-0.274"
48 6.0321.079* | 4.1540.754"" | 2.53+0.372% | 6.0521.703* | 2.95:0.517"
72 4.86+0.735"%" | 3.37¢o.644°=J 2.04:0.346% | 7.51+2 589" | 2.77:0.424%

* See legend to Table (1) for details.
** Expressed as the weakest ethanol concentration which when added to an equal volume
of milk caused clotting.

in most cases (Table 4) increased GDL increased curd syneresis
(C3) at both 10 and 120 min of holding time, and their CS values were similar
or slightly higher than those of the control samples. This agrees with the
results given by Naeim et al (2003). This trend was also recorded for the
effect of LAB or LABM, since their CS were aimost higher than those of the
control samples. These results are in accordance with those given by El-
Ghandour {2002).

From the foregoing results it could be concluded that using GDL or
adding LAB or LABM controlied growth of psychrotrophs and their proteolytic
and lipolytic bacteria and decreased RCT without adverse effect on general
quality of cold stored milk. GDL or LAB slightly improved firmness and
tension of the resultant curd, whereas the changes in curd syneresis were
insignificant. Choice of one of the given treatments depends on cost of
application and suitability of the treated milk for making the required dairy
product.
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Table (4): Curd tenslon (CT, g) and curd syneresis (CS, g/15 g) after 10
min or 120 min of untreated and treated milk stored in
refrigerator for 72 h (Means:SE of 9 determinations from 3

replicates).
Froperty 1 Treatments
Storage tme (1| o1l I ( U " W
cT
0 39:0.577°" | 38.67+0.682° | 303310330 |30.00£0.577"] 37+1.73™
24 38+2.814*° |40.6710.882™ [ 39.00+1.154™ | 33.3310.330™ | 36:2.31**
48 4141,134™° | 45 0043454 | 47.33:5.487™ |40.3320,882™°| 381203
72 44+0.577" | 45.00+5.20* | 46.33+0.882** | 45.00+4.63™ | 40:2.80™
S, 10 min.
0 3.3610.326™ | 3.1420.078 | 2.86+0.090™ | 3.27+0.289%° | 3.40+0.297™
24 3.2010.433" | 3.13:0.369" | 3.51:0.245™ | 3.25+0.248" | 3.95:0.142"
48 3.1140.142% | 3 2440.494% | 3.38:0.300™ | 3.96:0.268" | 3.28:0.260"™
s 72 3.12:0.061* | 2.69:0.440™ | 3.05:0.113" | 4.24:0.271"* | 3.6510.165"
S, 120 min
0 4.4610.084™ | 8.5510.008"¢ | 6.4710.089°c | 7.1020.346™ | 6.9910.055™" |
24 £.9240.335"% | 6.79+0.243"%¢ | 6.98£0.107* | 7.14+0.133" | 7.13£0.205"
48 7.03:£0.118°%% 7.18+0.196">®( 7.37:£0.095* | 6.7930.034% 7.33:0.24i|
72 7.1540.055** | 7.55+0.075™ | 7.3910.162™ | 7.63+0.41" | 7.79+0.251™
* See legend to Tabie (1) for detalls.
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