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Abstrak 
 

Penetapan aktivitas laktase usus secara langsung dilakukan dengan mengukur laktase di epitel usus halus. Cara ini merupakan cara 

yang invasif dan secara etis tidak dapat dilakukan pada bayi sehat.  Secara tidak langsung, penetapan aktivitas laktase, yang 

dinyatakan sebagai rasio ekskresi dan konsumsi laktosa dan laktulosa, memerlukan waktu 30 jam observasi di rumah sakit. Tujuan 

penelitian ini ialah mencari metoda penetapan aktivitas laktase yang tidak invasif dan tidak memerlukan waktu observasi yang lama. 

Bayi diberikan laktosa dan laktulosa sekaligus setelah 2 jam puasa, kemudian kadar laktosa dan laktulosa dalam urin diukur dengan 

Kromatografi Cair Kinerja Tinggi. Aktivitas laktase dinyatakan dengan rasio ekskresi urin konsumsi laktulosa dan laktosa. Penelitian 

ini membuktikan bahwa cara pemberian laktosa dan laktulosa satu kali setelah puasa 2 jam dapat dipakai untuk penetapan aktivitas 

laktase dan bayi hanya perlu pengawasan selama 7 jam. (Med J Indones 2003; 12: 8-12)     

 

 

Abstract 
 

Determination of intestinal lactase activity is directly done by measuring its activity in intestinal epithelium. This is an invasive method and 

ethically can not be done in healthy infants. Indirectly, determination of lactase activity, stated as excretion and ingestion ratio of lactose and 

lactulose, needs 30 hours hospitalized infants. The aim of this study was to look for a method for determination of lactase activity which is not 

invasive and not necessary hospitalized. Using this method  lactose and lactulose were given as a single oral load after 2 hours fasting. Urine 

were collected for 5 hours starting from consuming sugar solution and then lactose and lactulose concentration in the urine were measured by 

High Performance Liquid Chromatography. The results showed single oral load of lactose and lactulose can be used for determination of 

lactase activity in infant and the infants were observed only for 7 hours. (Med J Indones 2003; 12: 8-12)     
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Infants need nutritious food in order to grow and 

developed accordingly. Food digestion in gastrointestinal 

tract system needs enzymes. Enzymes development 

depends on postnatal adaptation which is intermediate 

metabolism to milk, changing in food needs, and 

tolerance to variety of food according to the infant 

maturation degree. Inadequate gastrointestinal enzymes 

during neonatal period caused maldigestion in 

newborn infants, especially less than 1 month, hence 

there are less nutritions that being absorbed.
1,2

 

Newborn infants ability in carbohydrate and 

triglyceride digestion are lower compare to the protein 

digestion. The main carbohydrate in milk for newborn 

infants is lactose and lactase activity is still relatively 

low leading to limitation in lactose digestion.
3,4,5

 

Lactose in intestinal brush border are being hydrolised 

by lactase to glucose and galactose, which will be 

absorbed by small intestine.
6,7

 The amount of 

hydrolised  lactose  depends on lactase activity. Some 

of unhydrolised lactose will be absorbed passively by 

intestinal epithelium and excreted in urine.
8,9

 

 

Determination of lactase activity directly was done by 

measuring lactase in intestinal epithelium.
10

 This is an 

invasive method and ethically can not be done in 

healthy infants. 

 

Some former researcher have done the study in 

intestinal permeability and lactase activity in 

infants.
9,11,12,13,14

 Intestinal permeability examination 

performed by given lactulose and manitol with the 

ratio 7:1 or 5:1 which are given with drink. After 24 
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hours, when a steady state of sugar input and output 

had been reached, urine are then collected during 5 

hours and stored in –20°C  before analysis. Urine will 

be analysed with Gas Liquid Chromatography
9,11,12

 or 

High Performance Liquid Chromatography.
13,14

 

Determination of lactase activity needs lactose and 

lactulose to be given. Lactase activity is stated as the 

excretion ratio of lactose and lactulose to the ingestion 

of lactose and lactulose.
9
 In infant aged 1 month, 

lactulose could not always being detected in urine 

when the test was performed by the steady state 

method, since intestinal permeability was already 

reduced.
13

 In that case, a single oral load method are 

given minimum 2 hours after the last drink and then 

urine are collected  for 5 hours.
12,13

  

 

There are only a few studies to measure lactase 

activity
9,14

 and unfortunetely can not be reproduced in 

our laboratory. The aim of this study is to establish 

method of determination of lactase activity by 

modification of previous studies. 

 

 

METHODS 

 

Urine specimen of 4 infants aged 7 days (2 infants) 

and 30 days (2 infants) born at Budi Kemuliaan 

Maternity Hospital, in January 2002, were examined. 

Sugar solution of lactose and lactulose were given 

orally in three different ways. One infant was given 2 

g lactose in 30 ml milk formula and 1 g lactulose in 6 

ml water; another infant was given 200 mg lactose 

and 1 g lactulose in 10 ml water, and another 2 infants 

were given 1 g lactose and 1 g lactulose in 10 ml water. 

 

Infants were given sugar solution after 2 hours fasting. 

Then after 30 minutes, infants were given water ad 

libitum, and after 30 minutes more were allowed to 

drink their own milk. Urine were collected during 5 

hours starting from consuming sugar solution and 

stored at temperature of –20°C until analysis. 

 

One ml of urine specimens in the test tubes were 

extracted by acetonitril and chloroform (1:1:1). 

Lactose and lactulose in urine were determined upon 

previous study by HPLC.
14

 One ml of urine sample 

were spun in a 1,5 ml microcentrifuge tube at a rate of 

3000 rpm for 5 minutes, then filtered through a 0,45 

µm filter. A 20 µl of the filtered sample was injected 

onto Metachem
®
 Metacarb Ca Plus (300 mm x 7,8 

mm) cation exchange column, protected with a 
precolumn, at a flowrate of 0,4 ml/minute, and at 

temperature of 60ºC. The column effluent was 

monitored with refractive index detector (Shimadzu 

RID 6 A). The analytical conditions were calibrated 

with lactose and lactulose as standard. The calibration 

curve for lactose was determined with concentration 

of  12,04 µg/ml, 50,57 µg/ml, 101,36 µg/ml, 198,66 

µg/ml, 397,32 µg/ml, 794,64 µg/ml, 999,32 µg/ml, 

1204,0 µg/ml, 1605,0 µg/ml, 2410,0 µg/ml, and the 

equition of calibration curve was y = 4394,9 + 

326,1x with regression of 0,9998. The calibration 

curve for lactulose was determined with concentration 

of 10,01 µg/ml, 54,29 µg/ml, 108,58 µg/ml, 199,06 

µg/ml, 410,76 µg/ml, 796,22 µg/ml, 1001,31 µg/ml, 

1206,4 µg/ml, 1603,0 µg/ml, 2430,0 µg/ml, and the 

equition of calibration curve was y = 5806,7 + 

347,5x  with regression of 0,9992. 

 

Lactose and lactulose concentration were determined 

by comparing the area of lactose and lactulose in 

chromatogram to the standard. The excretion ratio of 

lactulose and lactose in urine was then calculated. 

Lactase activity was stated by the ratio of excretion 

and ingestion of lactulose and lactose. 
 

 

RESULTS 
 

Lactase activity, stated as lactulosa and lactose 

excretion and ingestion ratio, was determined in the 

urine of 4 healthy infants. Two different ages, which 

is 7 and 30 days, were chosen to know whether the 

marker was excreted, so the method can be performed 

in infants. Infants characteristic given single oral load 

method were shown in Table 1. 

 
Table 1. Infants characteristic given single oral load method 

 

Case 

 

Age 

(days) 

Gestational 

age 

(weeks) 

Birth 

weight 

(grams) 

Weight at the 

time of examination 

(grams) 

Case 1 

Case 2 

Case 3 

Case 4 

7 

7 

30 

30 

38 

37 

36 

38 

3000 

2500 

2400 

2600 

3000 

2600 

3800 

3500 

 

Table 2 shows the result of determination of lactulose 

and lactose in urine of the infant. In case 1, lactulose 

and lactose Ingestion Ratio (IR) was 0,5. Urinary 

lactulose concentration was 108,2 µg/ml and lactose 

concentration was 4167,5 µg/ml, Excretion Ratio (ER) 

was 0,02. Ratio of excretion and ingestion (E/I Ratio) 

of lactulose and lactose was 0,04 (Figure 1). In case 2, 

IR was 5 and ER was 6,53.  E/I Ratio of lactulose and 

lactose was 1,31 (Figure 2). In case 3 and 4, IR was 1. 
ER in case 3 was 1,38, E/I Ratio was 1,38 (Figure 3).  

ER in case 4 was 0,48,  E/I Ratio was 0,49 (Figure 4).  
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Table 2. The results of lactase activity determination  

 
 

Case 

Ingestion Excretion  

E/I 

RATIO 
Lactulose 

g/10mL 

Lactose 

g/10 mL 

IR Lactulose 

µg/mL 

Lactose 

µg/mL 

ER 

Case 1 0,3 0,6* 0,5 108,2      4167,5 0,02 0,04 

Case 2 1 0,2 5 1250,6        191,3 6,53 1,31 

Case 3 1 1 1 78,6          56,9 1.38 1.38 

Case 4 1 1 1 1436,9      2994,8 0,48 0,48 

* Given as milk formula 

 

 
 

Figure 1. Chromatogram of lactose and lactulose in Case 1 

Ingestion: 2 g lactose in 30 ml milk and 1 g lactulose,  IR of 

lactulose/lactose was 0,5.  

Analysis was carried out by HPLC using cation axchange 

column Metachem® Metacarb Ca plus (300 mm x 7,8 mm) as 

described in the methods.  

The retention time of lactose was 11 minutes and lactulose was 

13 minutes.  (A. lactose, B. lactulose) 

 

 
 

Figure 2. Chromatogram of lactose and lactulose in Case 2 

Ingestion: 0,2 g lactose and 1 g lactulose in 10 ml water, IR  

of lactulose/lactose was 5.  

Analysis was carried out by HPLC using cation axchange 

column Metachem® Metacarb Ca plus (300 mm x 7,8 mm) 

as described in the methods.  

The retention time of lactose was 11 minutes and lactulose 

was 13 minutes. (A. lactose, B. lactulose) 

 

 

 
 

Figure 3. Chromatogram of lactose and lactulose in Case 3 

Ingestion: 1 g lactose and 1 g lactulose in 10 ml water, IR of 

lactulose/lactose was 1. 

Analysis was carried out by HPLC using cation axchange 

column Metachem® Metacarb Ca plus (300 mm x 7,8 mm) as 

described in the methods.  

The retention time of lactose was 11 minutes and lactulose 

was 13 minutes. (A. lactose, B. lactulose) 

 

 

 
 

Figure 4. Chromatogram of lactose and lactulose in Case 4 

Ingestion: 1 g lactose and 1 g lactulose in 10 ml water, IR 

of lactulose/lactose was 1. 

Analysis was carried out by HPLC using cation axchange 

column Metachem® Metacarb Ca plus (300 mm x 7,8 mm) 

as described in the methods.  

The retention time of lactose was 11 minutes and lactulose 

was 13 minutes. (A. lactose, B. lactulose) 
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DISCUSSION AND CONCLUSION 

 

Indirectly, determination of lactase activity can be 

done by measuring lactose amount excreted in urine. 

Intestinal absorption and permeation are being 

classified by the transportation method to go through 

intestinal membrane. Absorption mechanism happens 

by carrier mediated, while permeation enters 

passively. Absorption mechanism is relation with 

nutrition absorption, while permeation with barrier 

function.
8
 Even though the lactosuria level is 

inversely relation with gestation periode, intestinal 

capacity to absorb lactose is also influenced by 

intestinal permeability characteristic. Lactose in urine 

indicates high intestinal permeability and shows low 

lactase activity.
9
 Using disaccharide lactulose which 

does not metabolized in human intestinal offers way 

to study changes in lactase activity. Lactase activity is 

showed by the amount of lactose compared by 

lactulose in infant urine who ingests both 

disaccharides. Lactose and lactulose have the same 

molecular weight and diameter, 342 and 0,52 nm 

respectively. Lactose and lactulose are both 

experiencing the same permeation process into the 

intestinal membrane and fermentation in large 

intestine, except that lactulose does not experience 

hydrolysis in small intestine since human does not 

have a specific enzyme for lactulose hydrolysis. By 

giving and put through lactose and lactulose and then 

calculating the ratio of excretion in urine, factors that 

influence the amount of lactose can be neglected. The 

factors are intestinal permeability, enterocytes, lactose 

absorption variation, gastric emptying, intestinal 

transit time, and renal clearens.
8,9

 

 

Lactulose and lactose which were given with milk 

formula and lactulose relatively less than lactose, such 

as in case 1, were easy to feed. Urinary lactose and 

lactulose can be detected using HPLC (Figure 1), 

however needed milk analysis and lactulose might not 

be detected in more mature age. 

 

When giving lactose which relatively less than 

lactulose such in case 2, might not be detected in more 

mature age. As shown in Figure 2, there was only a 

small amount of lactose detected by HPLC. Catassi et 
al.

13
 also stated that giving sugar in 24 hours, as a 

steady state method, for infant aged 1 month could not 

detect sugar in urine.  

 

Sugar solution, which ratio of lactulose and lactose 
was 1, were given by single oral load method after 2 

hours fasting. Lactose and lactulose were detected by 

HPLC  (Figure 3, 4). Method to give single oral load 

markers was also used by Goto et al.,
12

 to estimate 

intestinal permeability.
12

 

 

In conclusion, giving lactulose and lactose solution 

can be done with single dose after 2 hours fasting, 

followed by feeding cold water after 30 minutes. For 

the next 30 minutes, infant can drink normally. Urine 

was collected immediately after the sugar solution 

were given for 5 hours. The used of lactulose and 

lactose with ratio 1:1 can be performed, it is quite safe 

and easier to estimate the lactase activity, since the 

excretion ratio of lactulose and lactose compared to 

the ingestion ratio can be determine straight away. 

 

Finally, as it has been mentioned before, lactase 

activity which was being calculated was the ratio of 

excretion and ingestion from lactulose and lactose. 

Therefore, the influence of intestinal permeability, 

mucosal condition, lactose absorption variation, and 

renal clearence can be neglected. The next study is to 

develop normal value of lactase activity in normal infants. 
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