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The effect of milk treatment (heat, high hydrostatic pressure - HHP, or combined heat and HHP) on acidification, phys-
icochemical characteristics, and probiotic cell counts in low fat yogurt was studied. All samples were .analyzed for fer-
mentation time, pH, titratable acidity, total solids, water-holding capacity, syneresis, Hunter L , a , and b values, Strepto-
coccus thermophilus, Lactobacillus delbrueckii ssp bulgaricus, L. acidophilus, and Bifidobacterium longum. The
application of HHP combined with thermal treatment resulted in yogurt gels with attractive physicochemical characteris-
tics and high water-holding capacity. In addition to this, the milk treatment did not affect the probiotic bacteria growth. The
balance of strains in the starter culture and level of inoculation influenced the yogurt fermentation and properties. The
use of combined heat and HHP to treat milk before yogurt fermentation could be an alternative process for obtaining high
quality, additive-free healthy products.

Zum Einfluss der Milchbehandlung auf dem Sauerungsablauf, physiko-chemische Eigenschaften und die Zah-
len probiotischer Keime in fettarmen Joghurts

Untersucht wurden die Auswirkungen der Milchbehandlung (Erhitzung, hoher hydrostatischer Druck (HHP) sowie
die Kombination von Erhitzung und HHP) auf dem Sauerungsablauf, die physiko-chemischen Eigenschaften und die
Zahlen probiotischer Keime in fettarmen Joghurts. Aile Proben wurden auf die Sauerungszeit, den pH-Wert, den
titrierbaren Saureqrad, die Trockenmasse, die Wasserhaltekapazitat, die Synerese, die Hunter L*-, a*- und b*-Werte,
Streptococcus thermophilus, Lactobacillus delbrOckii ssp. bulgaricus, L. acidophilus und Bifidobacterium longum ana-
Iysiert. Der Einsatz von HHP in Kombination mit einer thermischen Behandlung fUhrte zu Joghurtgelen mit attraktiven
physiko-chemischen Eigenschaften und einer hohen Wasserhaltekapazitat. Daruber hinaus beeinflusste diese Art der
Milchbehandlung nicht die Vermehrung probiotischer Bakterien. Das Verhaltnis der Starnrne im Saurewecker und die
H6he der Inokulation bestimmten den Ablauf der Joghurtsauerung und die Produkteigenschaften. Der Einsatz einer
.kombinierten Warme- und HHP-Behandlung der Milch vor der Joghurtherstellung k6nnte ein alternatives Verfahren
sein, um qualitativ hochwertige und gesunde Produkte ohne Zusatze herzustellen.
61 Yoghurt. production (milk treatment, product 61 Joghurtherstellung (Vorbehandlung der Milch,

characteristics) Produkteigenschaften)

1. Introduction
Low fat or fat free yogurts with low calories have won

popularity during the last decade. Traditionally, yogurt is
made from Streptococcus thermophilus and Lactobacil-
lus delbrueckii ssp. bulgaricus (LB). The recent trend is
to add L. acidophilus and Bifidobacterium spp. to yogurt
(25). Products containing bifidobacteria are very popu-
lar in Japan, France, Germany, and USA, but are also
produced in Canada, Italy, United Kingdom, and Brazil.
In fact, almost 100 products containing thesemicroor-
ganisms are available on the market world-wide.

Probiotics grow slowly in milk because of a lack of
proteolytic activity. To improve their growth, it is com-
mon to add yogurt bacteria to reduce the fermentation
time. However, LB also produces lactic acid during
storage, known as post-acidification, which causes loss
of viability of probiotics (25). Therefore, different types
of processing methods have been explored.

Among the novel technologies, high hydrostatic
pressure (HHP) is receiving a great deal of attention.
The application of HHP to milk for yogurt preparation
could be an alternative to the use of additives, which can
adversely affect the taste, flavor, aroma, and mouth feel
of yogurt (1). Thus, an additive-free product is more fa-
vorable and will increase the consumption. Even more
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challenging would be to produce low fat and nonfat yo-
gurts that do not whey-off during storage, without using
stabilizers (20).

HHP processing of milk before fermentation has
been successfully used to manufacture low fat set-type
yogurt with a creamy thick consistency, requiring no ad-
dition of polysaccharides (21). The yogurts presented
increased solid-like behavior and whey retention prop-
erties, with other properties unaffected by the HHP
treatment (22,9, 11) or simulated yogurt (18; 29). HHP
was successfully used to prevent post-acidification on
fermented yogurt (1).

HARTE et al. (12) found that the combined use of
thermal treatment and HHP assures extensive whey
protein denaturation. Although reaggregation of casein
submicelles occurs during fermentation, the net effect
of combined HHP is the improvement of yogurt yield
stress and reduction of syneresis. However, little infor-
mation is available concerning the growth of probiotic
bacteria in HHP milk.

The present research was undertaken to evaluate
the effect of HHP processing on acidification, physico-
chemical characteristics, and probiotics in low-fat yo-
gurt.
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Table 1:.Effect 01,milk treatment on acidlfication, fermentation time, and physicochemical characteristics of yo-
- . gurts fermented from YO.MIX 236 ,- _ .

. 0.1% .0.2%'
- HHP: Heat + HHP Heat HHP, Heat Heat + I'-lHP

· Milk acidity °0
Fermentation time h
Yegurt pH _

· ¥@gurt?,cidity-°0
· Total solids %
· WHC%

Syneresis %

29.14
4:15

> 4.54
1.26.97
15:1

26.87
13.0

30.80 ;28.48 29.47 29.47
5:00 4:15 5:15 4:00
4.56 • 4.50 4.60 4.56

.123.51
1
4
4
,0.

2
.2.

6
9., ,116.58114:89

13.88 14.16 14.34
2i34 30.15 31.66 28.47
16.5 14.0 15.50 12.50

29.14
4:15
4.57

.119.03
,14.95
30.86
11.0

Table 2: Effect of milk treatment on acidification; fermentation time, and physicochemical characteristics of yo-
_ gurts fermented from DPL ABY 611 . -

/ . 0.1% 0.2%
Heat HHP Heat + HHP . Heat HHP Heat + HHP

Milk acidity
Fermentation time h
Yogurt pH .
Acidity °0
Total solids %
WHC%
Syneresis .%

'30:14 30.97 28.81 . 29.08 29.73·
5:10 5:30 5:00 5:00 5:10'
4.68 4.59 4.48 4.70 4.65

111.28 133.13 144.26 112.91 127.22
14.12 14.11 14.44 13.11 14.90
32:87· 27.02 30.07 26.57 25.59
6.00 11.00 12.00 14.00 9.00

·29.08
5:15
4.60

116.94'
14.26
25.80
12.5{}

2. Materials and methods
2.1 Heat treatment

Skim milk (0.2% fat, 9.20% total solids) was pur-
chased from the Washington State University (WSU)
Dairy Creamery and fortified with skim milk powder
(less than 1% fat, 97% total solids) to increase the total
solids to 14%. Milk was then subjected to thermal
treatments (85°C for 30 min), and cooled to 43°C for
yogurt preparation.

2.2 Pressure treatment
Pressure treatments of milk were carried out using an

isostatic pressure system (Engineered Pressure Sys-
tems, Inc., Haverhill, MA., USA) with a chamber size of
0.10 m diameter and 0.25 m height. The medium for
pressurization was 5% Mobil Hydrasol 78 water solu-
tion. Samples were subjected to HHP at 676 MPa for 5
min at room temperature. Pressure was achieved within
4 to 5 min and the depressurization took less than 1 min.

2.3 Yogurt preparation
The processed milk (thermal, HHP or combined) was

inoculated (0.1 % or 0.2% v/v) with two different probiotic
yogurt starter cultures (YO MIX 236 or OPL ABY 611)
supplied by Rhodia Inc. (Madison, WI, USA) and
Oanisco USA Inc. (Milwaukee, WI, USA), respectively.
These starter cultures are a mixture of Str. thermophilus
(ST), L. delbrueckii ssp bulgaricus (LB), L. acidopHilus
(LA), and B. longum (BL). Fermentation was carried out
at 43°C and the acidification rate was monitored until pH
value reached 4.6±0.1. Yogurt was cooled to 20°C and
stirred with a mechanical mixer (30 see) according to a
standardized protocol and stored at 4°C for 15 to 16 h.

2.4 Yogurt analysis
Total solids content was measured by drying the

sample in a vacuum oven at 70°C for 24 h (3). Titratable
acidity was measured by Oornic (°0) to a pink endpoint
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using a phenolphthalein indicator (16). The pH was
measured using a digital 420 A pH meter (Orion Re-
search Inc., Boston, MA, USA). Color of milk before and
after treatments and color of yogurt was studied using a
Minolta CM-2002 Spectrophotometer (Minolta Camera
Co., Tokyo, Japan). Milk and yogurt samples (20 g)
were held in small glass Petri dishes with flat, optically
transparent sides and 10 mm thickness. All tests and
measurements were done in triplicate.

Water-holding capacity (WHC) was evaluated by
subjecting the yogurt to centrifugation at 15000 X G for
15 min at 20°C (12). Ten grams of yogurt sample was
evaluated using a Beckman J2-HS centrifuge (Beck-
man Instruments lnc., Seattle, WA, USA). WHC was
expressed as the percentage of pellet weight relative to
the original weight of the sample:

WHC (%) = [1- Weight of whey after centrifUgation] x 100
WeIght of yogurt

Susceptibility of yogurt to syneresis was determined
transferring yogurt samples into a funnel fitted with a
qualitative paper Whatmann NO.5. The volume of the
whey collected over 4 h at 4°C was measured in a 25 mL
graduated cylinder (13).

Lactic acid bacteria (LAB) enumerations of yogurts
were analyzed after 7 d of storage at 4°C. Yogurt sam-
ples of 1 mL were added to 9 mL sterile tryptone (0.1 %
v/v). Appropriate dilutions were made and pour-plated in
duplicate onto selective media (15). Streptococci and
lactobacilli were enumerated on M 17 agar with lactose
after aerobic incubation at 37°C for 48 hand MRS agar
with glucose after anaerobic incubation at 37°C for 72 h,
respectively. BL were enumerated on MRS with glucose
plus dichloxacilin solution, lithium chloride and cistein
chloride after anaerobic incubation at 37°C for 72 h (5).
LA was counted using MRS agar with maltose after an-
aerobic incubation at 37°C for 72 h (14). The results
were expressed as colony-forming units per gram of
yogurt (CFU/mL yogurt).
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-:

Before treatment
Heat' 52,39 -2.66 5.14 . 52.93
HHP " 53.17; -2.3,74.40., 52.99

. J}~.at.:"i- _ • ",~~".. > ~

:f: ~~~, " 53,:}7,.-2.51,< ; 4,4J. ,.,5i~:rt6 . -2.78
After tr.eatment '. . .
Hear 54.76 '-1..18 7.'33 54.56
HHP 40,45 -3.54 -1.04 35,47
.~~a~p 54,51 _ -2.35.4.71 53:92
Yogurt ,1,

Heat 78.17 -1.·.23 10.75 60.24 -1.18 7:20'
HHP . 63.61 -1.50; 6.52 54.52 -1.34 Q,42'
.Heat:,··' ....
+tlHP' 66.71~· 61.10 ~1..o6·5.:96"

-2.09
-3.16

"2.63

5.38 '
'-0,47

4.76-

3. Results and discussion
Tables 1 and 2 show the titratable acidity (TA) in milk

bases, the fermentation time, pH value, total solids
(TS), water-holding capacity (WHC), and syneresis of
yogurt. YO MIX 236 showed a higher acidification rate,
reaching the final pH in 4 to 5 h, according to the treat-
ment, while the fermentation time for the DPL ABY 611
was at least 5h. This difference could be explained by
the higher population of ST and LB compared to those
found in the starter culture DPL ABY 611 (Table 5). The
balance of strains in the culture and the level of inocula-
tion affected the yogurt fermentation (data not shown).

0STILE et al. (23) found different profiles of metabo-
lites during fermentation, and showed the importance of
controlling fermentation time .since probiotic strains
produced different amounts of metabolic products dur-
ing fermentation. At the end of fermentation the pH
value of yogurt varied from 4.48 to 4.70, however, the
pH value tend to decrease during storage due to post-
acidification, a result of starter culture activity (2). The
developed TA ranged from 111.28 to 144.26°D and the
average final value of titratable acidity was 123.92°D.
The TS varied from 13.11 to 15.10% and syneresis was
between 6 and 16.5%. Such variations were typical for
these types of experiments because of their different
conditions during treatment of the milk and fermentation
ofthe yogurts.

The .WHC of yogurts varied from 25.59 to 32.87%,
although the mechanical stability of the protein network
under G-forces (15000G) was tested much more ex-
tensively than for those under normal storage. The ef-
fect of milk treatment, culture type, and inoculation rate
was studied by ANOVA. There was no difference be-
tween yogurt prepared with heat and heat combined
with HHP treatments,the effect of starter and inocula-
tion was highly significant (p<0.01). Using YO MIX 236,
WHC was higher in yogurts prepared with milk treated
with heat or combined heat and HHP treatments, while
yogurts fermented from DPL ABY 611 and heated milk
presented the higher WHC. However, the combined
heat and HHP milk treatments before fermentation and
use of a 0.1% inoculation rate (for both cultures) led to
attractive rheology and texture properties in yogurt,
which presented a creamy thick consistency requiring
no addition of stabilizers (data not shown).

Milchwissenschaft 62 (1) 2007

Penna, Effect of milk treatment on low fat yoghurt

3,86
-1,87

54,51. -2,35 4,71 55,41 -1;92 5,04

57,65 . ~O,80 8,02 62,30 ~1,1i 7,63
60,49, -1',45 .6,38 64,,10 -1,41 7,5~

~\. ' " . ·i

,43 '8,56 65;10 -0,98' 7,86

There are few studies about the effect of HHP on the
physical properties of yogurt. FERRAGUTet at. (9)
showed that a high pressure treatment of ewe's milk
improved firmness and WHC of corresponding yogurts.
An increased number of network strands in pressurized
milk gels explains the higher gel strength and improved
WHC (17). Yogurts made from HHP treated fortified
milk exhibited the highest whey retention properties,
while yogurts made from other treatments (except raw
milk) exhibited lower whey retention values that were
not significantly different from each other (12).

Most studies have shown that the heating of the milk
base improves WHC. DANNENBERGand KESSLER(7)
suggested that a large denaturation of ~-Iactoglobulin
reduced the capacity of micelles to coalesce during
fermentation. Whey protein denaturation and further
aggregation to K-casein are mainly responsible for the
marked increase of WHC, firmness, and apparent vis-
cosity of acid gels made from heated milks (4), but the
mechanisms are not entirely understood. Increasing the
total solids or protein content leads to a higher concen-
tration of casein particles, which reinforces the protein
matrix density and improves the WHC of the gel (27).

The effects of treatments on milk and yogurt are re-
flected in changes to the color values (Tables 3 and 4).
HHP treated milk had lower L*, a*, and b*val.ues than
either heat and combined heat and HHP treated milk.
Yogurt and heat treated milk had higher values of L*, a*,
and b* due to changes in the light-scattering properties
of milk. The disruption of micelles under high pressure
caused a significant change in the appearance of the
milk, which was quantified by measuring the color. Heat
treatment also affected these characteristics. The de-
crease of L* (lightness) and increase of greenness (-a*)
and yellowness (+b*) were also observed by GERVILLA
et al. (10) when ewe's milk was treated by HHP. HARTE
et al. (12) observed high L* values (increased white-
ness) in milk subjected to HHP followed by thermal
treatment and related to reaggregation of disrupted mi-
celles. The HHP treatment reduced the lightness of raw
or thermally treated milks and a small decrease in color
was observed when milk was subjected to HHP. NEEDS
et at. (22) described color values of HHP treated milk as
translucent and greenish.



Penna, Effect of milk treatment on low fat yoghurt 51

Table 5: I,.Ai3 counts in yog~rts termented from YO MIX 2~6·and-DPL f'-BY 61,1'(CFUlmL)

o ~0;' '. 0 2%" ~ .
. Heat ' HHpPHeat ~:'HHP : Heat HHP"(c" . He'at +.HHP'

DPLABY
611

B.longuin
L. ecidophiius
L.bulgI!;Jricus
$c,/herm(iiph,iluS".
B, 'Iongum .".
L. acidophilus
I-.bulgaricus
S. thermopnilus;

1.00E+06 2.06E+05 6.05E+04 5.80E+048.80E+05 . 1.00E+Q4
.. -: 9.65E+05. 1.85E+06 9:05E+05 2.11E+Q6 ·2.80E+06 2.70E+06

9.90E+07 4.73E+08 1.16E+09 1.04E+09 2.HiE't09· 2.61Et09 .
5.}5E+.09 .' 2.75E+09 '1 i2-8E+09 2.:ME+09 ·4.43~+09 3.20E+09,
1'.56E+06. i90E+06 : 8:75E+06' . f05E+07' . 1.25E+Q6 3.85\::+06
3.10E+06 1.42E+07 -·1.B5E+07 4.55E+07 1.30E+06 7.00E+06
1.60E+06 8.68E+07 2:30E+07 1.00E+07 .1.07E+Ot 1.25E+07
6.24E+07 .. 1.03E+09 9.00E+0i3 8'.10E+08 2.50E+07 7.60E+07

The effect of variables on the LAB counts are re-
ported in Table 5. The effects of the starter culture and
inoculation rate were highly significant (p<0.01) on the
count of ST, while the milk treatment did not affect their
growth. LB counting differs only between starter cul-
tures; yogurts prepared with any milk treatment and dif-
ferent inoculation rate showed similar results. The vari-
ables did not affect the counting of LA and BL in yogurt
samples. These results suggested that milk treatment,
besides HHP can alter the structure of casein and whey
protein, it did not affect the lactic bacteria growth. The
counts after 1 week of preparation depended on the ex-
perimental conditions and the starter culture used, in
which ST predominated in all treatment preparations.

Culture YO MIX 236 showed a higher population of
traditional yogurt bacteria (ST and LB) than DPL ABY
611. It was observed that when LB population is higher
(108 or 109

), the viability of BL was around 105 or 104
.

This different strain association between cultures could
explain the lower viability of probiotic bacteria in yogurts
made with cultures YO MIX 236.

Several factors have been claimed to affect the viabil-
ity of both yogurt and probiotic cultures in fermented
milk products. The viability depends on the strains used,
interaction between species present, culture conditions,
production of hydrogen peroxide by yogurt bacteria, fi-
nal acidity of the product, concentration of lactic and
acetic acid (25), oxygen content in the product, and
permeation through the package (especially for Bifido-
bacterium spp). Although LA and bifidobacteria tolerate
.acid, a rapid decline in their numbers in yogurt has been
observed under acidic conditions (26, 19). Bifidobacte-
ria are not as acid tolerant as LA. The growth of LA
ceases below 4.0 and for Bifidobacteria ssp. is retarded
below pH 5.0 (24).

In order to exert therapeutic effects, the yogurt and
probiotics must be viable, active, and abundant. It has
been suggested that these microorganisms should be
present in a food at a minimum level of 106 CFU/g or the
daily intake should be about 108 CFU/g (25, 28). From a
health point of view, the starter culture DPL ABY 611
gave better results in producing higher probiotic count.

Comparing the two cultures it was noticed that the
microorganisms multiplied more in yogurts with lower
levels of inoculation for DPL ABY 611 culture (Table 5)
and in most cases the count was higher when the inocu-
lation was 0.2% for YO MIX 236. Th~se results are sup-
ported by DAVE and SHAH (8), who studied the effect of
culture concentration (0.05,0.1,0.15, and 0.2%) on the
viability of yogurt and probiotics.

0STILE et al. (23) reported that the initial viable counts
were between 7.7 and 8.51 log CFU/mL and above 8.7-
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9.1810g CFU/mL after 16 h of incubation. The LA strains
produced the highest amount of lactic acid, while bifido-
bacteria strains produced the lowest amount after 48 h
of incubation. However, the acetic acid levels were
higher in milk inoculated with bifidobacteria strains. All
strains produced acetaldehyde, but the amount pro-
duced by LA was much higher than forthe bifidobacteria
strains.

Because bifidobacteria are affected by environ-
mental conditions, CLARK.et al. (6) studied the survival
of B. infantis, B. ado/escentis, B. longum, and B. bifidum
under acidic conditions and reported that B. /ongum
survived the best. Thus, selection of appropriate strains
on the basis of acid and bile tolerance would help im-
prove viability of probiotics.

4. Conclusions
This study has shown that the application of HHP for

a short time, combined with thermal treatment, pro-
duced yogurt gels with attractive physicochemical char-
acteristics and high water-holding capacity. Further-
more, the milk treatments did not affect the growth of
probiotic bacteria, and the balance of strains in the
starter culture, but level of inoculation affected the yo-
gurt fermentation and properties overall. These results
suggest that the use of combined heat and HHP for
treatment of milk before yogurt fermentation could be
an alternative processing method for manufacture of
high quality, additive-free, healthy yogurt products.
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