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pSIP VECTOR/OVEREXPRESSION/LACTOSE HYDROLYSIS/MILK BUFFER

The objective of this study was to produce low lactose milk and ice cream
using a recombinant pB-galactosidase from Lactobacillus delbrueckii subsp. bulgaricus
DSM 20081, overexpressed in L. plantarum, a food-grade expression host. The food-
grade expression vector (pSIP-based) was constructed by replacing the erythromycin
resistance gene (erm®) of the pSIP409-lacZ and pSIP409-lacZ-His with the alanine
racemase (alr) gene, allowing an antibiotic-free selection condition. Subsequently, the
food-grade expression vectors, designated as pSIP609-lacZ and pSIP609-lacZ-His,
were transformed into the L. plantarum TLGO2, which is a D-alanine auxotroph.
Consequently, a recombinant [3-galactosidase was produced from these bacteria. The
purified recombinant B-galactosidase showed the specific activity was 165+5 U/mg
and the optimal temperature was in the range of 55-60°C when lactose was used as a
substrate. The best value of Michaelis-Menten constant (Kn) was approximately
5.6 mM at 30°C, of which the maximal velocity (Vmaxcic) at this temperature was
approximately 153 pumol-min-mg™. Then, the catalytic stability was determined in
different buffers (Sodium phosphate buffer, Sodium phosphate buffer + 1 mM Mg?*,
Sodium phosphate buffer + 10 mM Mg?*, and milk buffer). The result showed that

1 mM of Mg*" in the sodium phosphate buffer could enhance the enzyme stability. The



effects of different crude enzyme concentrations (1, 5, and 10 U/mL), lactose
concentrations (125 and 165 mM), and temperatures (4 and 65°C) in the milk buffer
on lactose hydrolysis were also studied. The crude enzyme concentration from 5-10
U/mL could hydrolyze lactose by at least 50% in both studied temperatures. Moreover,
low-fat milk as a lactose source was used for the comparison of different types of
recombinant B-galactosidase (crude and purified forms) and commercial enzyme
(Lactozym 2600L) on lactose hydrolysis. HPLC analysis indicated that all enzyme
preparations could hydrolyze more than 85% of lactose within 18 hours at 4°C. The
highest galacto-oligosaccharides formation (3.63 mg/mL) was found at 3 hours in this
reaction condition. The effect of fat content (low-fat milk and regular milk: 3.5% milk
fat) on the hydrolysis of these enzymes was also investigated. The results showed that
the different fat content in milks (low-fat milk and regular milk) did not affect the
lactose hydrolysis for all enzyme preparations, which were detected by TLC. For the
sensory evaluation, the overall acceptance of low-fat lactose-hydrolyzed milks and
regular-fat lactose-hydrolyzed milks were significantly different from that of the
control (p<0.05). The overall acceptance of all ice cream from low-fat lactose-
hydrolyzed milk using crude or purified enzymes and the control was significantly
different (p<0.05) but no significant difference was found among those samples
prepared by regular-fat milk (p>0.05). In conclusion, both crude and purified
recombinant -galactosidase could be applied for the preparation of low-lactose milk

and ice cream for lactose-intolerant consumers.

School of Food Technology Student’s Signature

Academic Year 2016 Advisor’s Signature

Co-Advisor’s Signature




	การผลิตนมและไอศกรีมแลคโตสต่ำโดยใช้เทคโนโลยีเอนไซม์
	นางสาวน้ำฝน  ไทยวงษ์
	สาขาวิชาเทคโนโลยีอาหาร
	มหาวิทยาลัยเทคโนโลยีสุรนารี
	ปีการศึกษา  2559

	
	Numphon  Thaiwong
	A Thesis Submitted in Partial Fulfillment of the Requirements for the
	Degree of Doctor of Philosophy in Food Technology


	10. Abbreviation.pdf
	DE  = Dextrose equivalent
	oNP  = ortho-Nitrophenol
	oNPG  = ortho-Nitrophenyl β-D-galactopyranoside
	POD  = Peroxidase enzyme




