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Abstract

The market for lactose-hydrolyzed milk is growing due to an increased awareness of lactose
intolerance, and increased market interest for modified milk with health claims. The aim of
this study was to compare the quality characteristics of 2% lactose-hydrolyzed milk with its
lactose hydrolysis rate, with the goal of applying the method to dairy product monitoring in
the future. We observed that the freezing point of milk significantly decreased with increasing
lactose hydrolysis rate. A linear relationship was found between lactose concentration and
freezing point, following the equation (y=-50.416x + 767.91). However, no significant changes
were observed in other physicochemical properties of the milk (pH, titratable acidity, total
solids and color) (p<0.05). In conclusion, we could predict the residual lactose content quickly
and easily in 2% low fat milk by measuring its freezing point. This could represent an easy
means for assessing the lactose hydrolysis rate of dairy products.
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B 0-59] A= Fig. 13+ 2t} 2% BEIGE A
FFEaA(Ha-Lactase 5200, Chr Hansen, Denmark)
ZES %ﬂ 75CoIA 1522t At & Y2619t faEaasts 4%
3t 3(0.042%), 10T 271014 w87 |(Burostar 20, IKA, Germany)
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o}, 9o Baj A g2 8= CM(Control milk), E3j & Alsl+
20+ LHM(Lactose Hydrolyzed Milk)& HHo}3ict.

2. /2 2 24

R AFE SAE 771 2 AdutAol SAE 9 £
EYE £tk A= 3 g& S5 15 mLE 7Isto] =91 &,
OEUEZE 30 mL7H] 885k}, 3027t shanking water

bath(SH\X/B45 Lab House, Korea)ollA #+&3t & 3,000 rpm
02 10K AR F ASAE 0.45 pm PEAR! WHR
oj3}sto] HPLC(Shiseido, Japan)@ 4514} the 4o 93]
AA Mg F 39 Hmg/100 g ARESHITh

ot meg/100 g) =
axb y 100
BAAEAHF (9) 1,000
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] 29 Standardization milk \

|

’ Pre-heating(75C, 15 s) ‘

|

’ Cooling to 10T ‘

Inoculating with lactase | — |

Hydrolysis of lactose at 10T
(With mixing and stirring)

|

’ Pasteurization(98C, 10 min) ‘

|

’ Cooling to 10T ‘

|

’ Storage at 10T ‘

Fig. 1. Process for the manufacture of 2% lactose hydrolyzed
low-fat milk.
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Table 1. Lactose and freezing point data of lactose hydrolyzed milk at 10T

Samples cm” LHM-3H? LHM-6H LHM-9H LHM-12H LHM-16H
Lactose content (g/100 mL) 4.84% 2.20° 1.48° 0.95° 0° 0°
Freezing point value (C) -0.52° -0.65" -0.71° -0.73° -0.76" -0.76"

" CM means control milk
2 LHM-3H means lactose hydrolyzed milk for 3 hours.
% Values in different letters among milk samples in the same column are significantly different (p<0.05).
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y =-50.416x + 767.91
R*=10.9866
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Lactose (g/100 mL)

Fig. 2. Cryoscopic index in terms of lactose concentration measured
by HPLC.

AAE y= - 50.42x+762.82(R*=0.9947) 5} RS
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3. fY=l M=o mIE FIYEHRel Oy EY
AR PR --o] AL T AYR= Table 29} 2ot &+
v gF 2% EFESE AFopong HE MEo] 2.13~

2.43% HYZ VEREL, A SRS 3.21~3.29%, FA9-11E

Jeong et al.

FSNF) 7.24~7.38%, & THE(TS) TF 9.38~9.75%= ME
ZH 391491 Zol7t @Il pH 32 CMo] 6.12 7Fg W e
Bolou, AZ 71e] o149l Apol= glloH, Abw g MEE
FARE 3 HERRTHp<0.05).

Henno 5(2008)2] o] oJatd, GAH 4% the] & 1305 ¢
90| Wlg g4 gho] -0.5257C 2 Uehd vk, 2 A3lojA9] &
A% 2% CME Bt -0.52CE FARE k& el 94 o
Fotxol, FAR 1A Asloll(Cryoscopic reduction) 214
o] FFFS FA = A3} ZdtHColinas et al, 20006).
FF WA ol FS vAE 92lo] disjrE E o At 2e
o Aoz AtgHc

REEAE] e AR-9] M ZAFE Table 33t Lt
Lkt aghe fraoigol wet 22t 62.62~63.91, (- 1.09)~(-
0.83)9] HHE HYou}, AZ 710 R A= QIglct bk 79
Hollgo] 7S thh EolRle AFE B oY, 4.35~4.94
o] HYE AE7t 9] A= QUi FRENRE VI B
3t ALofl= diz7o] vls) M Holyl £ Ao HuEl=d],
£5] dgHel Eugat 2RO = IR T1EAE 3 A B
B3 3 furosine Tgo] S7F FAlo] nidets k3ol ogt
dalieold FA, ZHSHBrowning) 50l G WQkh 1oLt
SHAGE o] A7t 90 ojAel A7t Bt
stpon= B ARoA= fARE 23S & 5= %It Tossavainen,
2012; Jansson, 2014).

A B4 ZIk= Table 49F 2t} f/9% At 2718 WA
v 1517 sto] Rl e KA 4% YRS v
W2 9 Ak Ak B4 At A 4%} 2% ME

(YA
LTJ)‘——\:

T AEZ v

Table 2. Physicochemical characteristics of lactose hydrolyzed milk samples

Samples Fat (%) Protein (%) SNFY (%) 1" (%) pH TAY (%)
cm” 2.26 3.29 7.38 9.65 6.61 0.125
LHM-3H? 213 3.22 7.25 9.38 6.63 0.125
LHM-6H 217 3.26 7.24 9.41 6.63 0.126
LHM-9H 243 3.28 7.32 9.75 6.67 0.125
LHM-12H 2.16 3.27 7.26 9.43 6.68 0.122
LHM-16H 2.20 3.21 7.37 9.44 6.64 0.125

Y CM means control milk.

2 LHM-3H means lactose hydrolyzed milk for 3 hours.
% SNF means solid-non fat.

“ TS means total solids.

® TA means titratable acidity.
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Table 3. Hunter color value of lactose hydrolyzed milk samples

Samples cm” LHM-3H? LHM-6H LHM-9H LHM-12H LHM-16H
L (Lightness) 63.29 63.23 63.45 62.62 63.88 63.91
a (Redness) -0.92 -0.88 -0.92 - 1.09 -0.69 -0.83
b (Yellowness) 4.56 4.35 452 4.69 4.82 4.94
" CM means control milk.
2 LHM-3H means lactose hydrolyzed milk for 3 hours.
Table 4. Particle size distribution of lactose hydrolyzed milk in different lactose hydrolyzed rate
Particle diameter (xm)
Samples
Do Dso Doo
4% CM? 0.030° 0.236° 2.060°
4% LHM-3H” 0.029° 0.236° 1.726°
4% LHM-6H 0.029° 0.214° 1.818°
4% LHM-9H 0.029° 0.214° 1.826°
4% LHM-12H 0.032° 0.285° 2.160°
4% LHM-16H 0.034° 0.311° 2.226°
2% CM 0.027% 0.152° 1.492°
2% LHM-3H 0.030° 0.235° 1.348"
2% LHM-6H 0.026" 0.133° 1.136
2% LHM-9H 0.026° 0.135° 1.146'
2% LHM-12H 0.027 0.154° 1652
2% LHM-16H 0.027° 0.156° 1.666'

"D represents the diameter of particles, and D1 means a cumulative 10% point of diameter (or 10% pass particle size); Dy is also called

average particle size or median diameter.
% 4% CM means control milk with 4% milk fat.

% 4% LHM-3H means lactose hydrolyzed milk for 3 hours with 4% milk fat.
“ Values in different letters among milk samples in the same column are significantly different (p<0.05).

9] Do 2 22} 0.029~0.034 pm, 0.026~0.030 gm, Dsy ZE
217} 0.214~0.311 pm, 0.133~0.235 pm HYZ ALEH oz 4%
FAEEo] 2% SAREel Hlsh 4Rt 2717t fHoR A U
B oL, fEdiEgo] e YAe HR HolA] AUkt Do
= 22 1.726~2.226 pm, 1.136~1.666 pm HYZE 4% G4
HFro] 2% FAE] Hls ARt 27171 RoH o' A UEl
o, 2% (Diameter)°] Xt 2 1.9581714] Zo|7} Y%= 515
o}, o, fEEshel W AR 2719 Hiks FEE A Kol

A ASIHp<0.05). ¥+ YA SAT i 24 FALF=

N

e a2 2] 4742 59 Bt gk, 1 o8t 2 84
W QAL e B At B71el0] 999 A, B,

O

3 FEE Gt Boid 4= 7| el Marzo er al,
2016). E2f 25 W A" 2170] 0.1~20 pm(Ed 3~4 pm)°l
T FHE A5, 75 AT 2L E HET 1 A22E
E3(Cryoglubulin)o] H|7I9A0g WHAEo] 2790 FE o]
A|9=7, #&(Homogenization)ol 28 A1) AL 1 um
oJslZ FrAETHL SIHTHA 5, 2007). & Ao 71 Az
2 o4 37go] 9jsf A& &0, AYFE 2/%eH, =
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