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Abstract

The objective of the current study was to determine the cryoprotective effects of trehaolse on lactic acid bacteria
in the frozen yoghurt during long-term frozen storage conditions. The frozen yoghurts were prepared using starter
culture containing Lactobacillus bulgaricus and Streptococcus thermophilus, as well as trehalose and sorbitol as a
cryoprotectant. The viable cell numbers of lactic acid bacteria in frozen yoghurt did not significantly decreased dur-
ing six weeks frozen storage conditions. The MRS broth, which contains either trehalose or sorbitol, cultured with
L. bulgaricus and/or S. thermophilus, and then the cultured medium was kept in the frozen condition for six weeks.
The results indicated that lactic acid bacteria viability significantly increased with trehalose addition (2 and 5%) in
the media compared to those of control and sorbitol supplement groups. The lactic acid bacteria viability in the
yoghurts was examined on the effects of repeated freeze and thaw events. The freeze-thaw resistance of lactic acid
bacteria significantly increased with trehalose supplement in the yoghurt. The major volatile aroma compounds (ace-
taldehyde, acetone, ethanol, diacetyl, and acetoin) in yoghurt were separated and indentified by headspace GC-FID
analysis. Distinct flavor components and their ratios are known as important quality factors for yoghurt notes. Tre-
halose addition to the yoghurt was not influenced these factors during lactic acid fermentation. The results in this
study demonstrated that trehalose potentially can be applicable as an effective cryoprotectant for lactic acid bacteria

in the frozen yoghurt products.
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Table 1. GC analysis conditions of volatile aroma compounds in
fermented yoghurt

Item Conditions
GC (ACME 6000, Young Lin Instruments Co.,

Instrument Gyeonggi, Korea)

Dectector FID (Flame Ionization Detector)
DB-FFAP

Column (30 mx0.32 mm [.D.x0.25 pm film, Agilent
Technologies, USA)

Flow rate 1.25 mL/min

Carrier gas He
50°C (7 min hold)

Oven 50°C - 90°C (10°C/min)
90°C (6 min hold)

Injector 200°C

Detector 220°C

Injection Headspace gas 1 mL, split 2:1

A 7] AR AEFE f EFAEE lactic acid(Sigma-
Aldrich Chemie GmbH, Buchi, Spain)Z pH 4.05Z =7t
g2 10mLol 10g2] Na,SO,9} acetaldehyde(GCE,
99.5%, Sigma-Aldrich Chemie GmbH, Buchi, Switzerland),
acetone(Sigma Aldrich Chemie GmbH, Steinheim, Germany),
ethanol(HPLC-8-, 99.8%, Carlo Erba Reagenti S.p.A, Milan,
Italy), diacetyl(Sigma Aldrich Inc., St. Louis, Mo., USA),
butanol(Sigma-Aldrich Inc., St. Louis, Mo., USA) ¥ acetoin
(Sigma Aldrich Inc., St. Louis, Mo., USA)S Z}Z} 50 ppm
A HrbstR o, | £F=Z=E n-propanol 50 ppm<
e T EFA RS AR HauA S vaLste] ALkstal
A 5Z2] n-propanol®} ¥FEA]F 2] n-propanol] T H] =
olgst IFeS oL AFE Wkl AFsh Al

Area of sample « 1
Area of standard sample Recovery ratio

x =500ppm x
x = Volatile aroma compound in sample(ppm)
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Fig. 1. Changes of viable lactic acid bacteria number during
yogurt fermentation.

B: L. bulgaricus,BS: L. bulgaricus+2% of sorbitol, BT: L.
bulgaricus +2% of trehalose, T: S. thermophilus, TS: S
thermophilus +2% of sorbitol, TT: S. thermophilus+2% of
trehalose. All values were expressed as meantSD (n=3).
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Fig. 2. Change in viable cell number of mixed culture(L.
bulgaricus +S. thermophilus ) during fermentation of yoghurt.
BT: L. bulgaricus+S. thermophilus, BTS: L. bulgaricus + S.
thermophilus + 2% of sorbitol, BTT: L. bulgaricus + S.
thermophilus + 2% of trehalose. All values were expressed as
meantSD (n=3).
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Fig. 3. Changes in viable cell numbers in trehalose and sorbitol
added MRS broths using L. bulgaricus and S. thermophilus
during frozen storage at -40°C.

Con: control, T2: MRS broth + 2% of trehalose, T5: MRS broth +
5% of trehalose, S2: MRS broth + 2% of sorbitol, S5: MRS broth
+ 5% of sorbitol. All values were expressed as meantSD (n=3).
Means at the same storage time with different letters were
significantly different(p<0.05).
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Fig. 4. Changes in viable cell numbers in trehalose and sorbitol
added yoghurts fermented wusing L. bulgaricus and S.
thermophilus during frozen storage at -40°C.

B: L bulgaricus,BS: L. bulgaricus + sorbitol, BT: L.
bulgaricus + trehaloes, T: S. thermophilus, TS: S.
thermophilus + sorbitol, TT: S. thermophilus + trehalose. All values
were expressed as meantSD (n=3).
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Fig. 5. Changes of viable cell numbers in trehalose and sorbitol
added yoghurts fermented using industrial starter culture
during frozen storage at -40°C.

Con 12: 12% of skim milk, T12: 10% of skim milk +2% of
trehalose, S12: 10% of skim milk + 2% of sorbitol, Con 20: 20% of
skim milk, T20: 18% of skim milk + 2% of trehalose, S20: 18% of
skim milk + 2% of sorbitol. All values were expressed as meantSD

(n=3).
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Fig. 6. Changes of viable cell numbers in trehalose and sorbitol
added yoghurts as a function of frequency of freezing and
subsequent thawing.

Con: 12% skim milk, T2: 12% skim milk + 2% of trehalose, T5:
12% skim milk + 5% trehalose, S2: 12% skim milk +2% sorbitol,
S5: 12% skim milk + 5% sorbitol. All values were expressed as
meantSD (n=3). Means at the same frequency of freezing and
thawing with different letters were significantly different (p<0.05).
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Table 2. Composition of volatile aroma compounds in fermented yoghurt (unit: ppm)

Acetaldehyde Acetone Ethanol Diacetyl Acetoin

B 28.3248.83 0.55+0.11 11.91£2.20 1.02+0.03 52.28+16.63

BS 10.21+7.17 0.25+0.15 3.1840.29 0.4240.22 18.25+5.51

BT 14.97+3.58 0.44+0.09 3.8140.15 0.53+0.01 10.15+4.56

T 28.45+1.23 0.47+0.00 4.1240.48 0.38+0.00 6.63+5.78

TS 23.78+0.64 0.39+0.05 5.44+0.28 0.62+0.01 14.40+4.47

TT 41.59+14.68 0.55+0.18 6.09+2.21 0.50+0.33 11.81£5.99

B: L. bulgaricus, BS: L. bulgaricustsorbitol, BT: L. bulgaricus+trehalose, T: S.

thermophilus-+trehalose. All values were expressed as mean of duplicated experiments.

thermophilus, TS: S.

thermophilus+sorbitol, TT: S.
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