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Abstract: This research aims to determination of the amount of vitamin C in four varieties  of dry milk for 
infants imported to Syria of the same brand. 
The research also aims to study moisture effect (kitchen's weather) and light on the amount of Vitamin C in the 
four categories of baby milk, from opening the package until the fourth weeks. 
The results showed that decreasing in concentration of vitamin C with increasing time of exposure to moisture 
(H= 55 ± 5%) and light in all varieties of imported milk. The amount of vitamin C in the milk of A and C were 
less than the allowable limit for children at this age after the fourth week , while it was less in milk B and D 
after the third week (without light). The amount of vitamin C in the milk of A and C were less than the 
allowable limit for children at this age after the third week, while it was less in milk B and D after the two 
weeks( with  light).  This leads to the injury of children to vitamin C deficiency. 
Keywords: Dry milk- moisture-light-viamin C- HPLC. 
 
 

1- Introduction 

L-Ascorbic acid, also known as L-xyloascorbic acid, 3-oxo-L-gulofuranolactone (enol form), L-3-
ketothreo hexuronic acid lactone, antisorbutic vitamin and vitamin C, the chemical formula is C6H8O6 and a 
molecular weight of 176.12. Fig. 1 [1, 2]. 

This water-soluble vitamin is important in forming collagen, a protein that gives structure to bones, 
cartilage,muscle, and blood vessels. It also helps maintain capillaries, bones, teeth and aids in the absorption of 
iron.  

Ascorbic acid is a powerful antioxidant because it can donate a hydrogen atom and form a relatively 
stable ascorbyl free radical. As as acavenger of reactive oxygen and nitrogen oxide species, ascorbic acid has 
been shown to be effective against the superoxide radical ion, hydrogen peroxide, the hydroxyl radical and 
singlet oxygen [3]. 

Deficiency 

Deficiency of vitamin C can lead to anemia, infections, bleeding gums, muscle degeneration, poor 
wound healing, atherosclerotic plaques, capillary hemorrhaging and neurotic disturbances [4], and can cause 
sudden death [5]. 

Vitamin C toxicity: 

The FAO/WHO [6] report pointed out that the potential toxicity of excessive doses of supplemental 
ascorbic acid relates to intra-intestinal events and to the effects of metabolites in the urinary system. Intakes of 
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2–3 g/day of ascorbic acid produce unpleasant diarrhoea from the osmotic effects of the unabsorbed vitamin in 
the intestinal lumen in most people. Gastrointestinal disturbances can occur after ingestion of as little as 1 g 
because approximately half of the amount would not be absorbed at this dose. Oxalate is an end product of 
ascorbate catabolism and plays an important role in kidney stone formation. [7,8] .  

 

Fig. 1. Structure of Vitamin C 

Human milk is recognised as the optimal milk source for infants at least throughout the first year of life. 
It is recommended as the sole nutritional milk source for infants during the first 4 to 6 months of life. IOM [9] 
estimated the AI for infants based on the average volume of milk intake of 780 ml and an average concentration 
of ascorbic acid of 50 mg/l in human milk. For infants 0-6 months, 40 mg per day was the estimated AI and for 
the 7-12 months infants, the AI was 50 mg per day, taking into consideration the amount of ascorbic acid from 
solid foods consumed at this stage [10,11,12]. 

Breast milk has a higher level of vitamin C than commercial milk, but sometimes forced to use the 
kinds of private commercial milk for infants [13, ــ�    Therefore , the goals of this study were to compare .[ د ��
L-ascorbic acid concentration in four kinds ( A, B, C , D) of infant baby milk  powder  witch are imported to 
Syria . Loss of L- ascorbic acid in milk powder for infant caused by storage time , humidity and light was also 
investigated.. 

2- Materials and Methods 

2.1. Samples 

Four kinds of infant baby powder milk are imported to Syria (Table 1), five gram of all samples placed 
in climatic test cabinets at (Temperature = 23 +2 ºC, Humidity = 55+ 5 %) without light and with light (12000 
lux) for four weeks. 

Table 1. The Composition of four dry milk samples for infants    
 
 
 
 
 
 

 
2.2. Chemicals and reagents 
 

Vitamin C (extra pure, MERCK), methanol, acetonitrile, of HPLC grade (Sigma), meta 
phosphoric acid (extra pure, BDH). Deionized water and Solvents of LC grade was obtained by 
filtering through 0.45µm filter membrane and degassed for 20 minutes by ultra sonic.  
 
2.3. Instrumentation 
 

1-Climatic test cabinets at (Temperature= 23 ± 2 ºC, Humidity =55± 5 %) without light, and with light 
(12000 lux), TK 252, Turkey.  
2- High-performance liquid chromatographic (HPLC), connected with an ultraviolet-diode array detector  
(PDA), Shmizu. column ODS- C18  (250×4.6 mm). 
 
 
 
 

Milk samples 

D C B A 

Composition* 

86.6 87 78 87 Vitamin C mg/100 g 
2 2 2 2 Humidity % 

6-12 0-6 6-12 6 -  0 Age (month) 
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3- Extraction of Vitamin C  
 

Five grams of sample (milk)  were homogenized with 25 mL of mobile phase solution, and it was 
quantitatively transferred into a 50 mL volumetric flask and shaken gently to homogenize solution(the samples 
were protected from light by wrapping tubes and flasks with aluminum foil and preparing the samples in a 
darkened room[14]. Then it was dilute up to the mark by the mobile phase solution. The obtained solution is 
filter and centrifuged at 4000 rpm for 15 minutes, after what the supernatant solution is used for determination 
vitamin C [15]. Vitamin C content was analyzed using HPLC, Ascorbic acid was identified by comparing the 
retention time of the sample peak with that of the ascorbic standard at 254 nm [16, 14]. The loss rate in vitamin 
C were determinant as [17].  

 
4- Results and discussion 
 

Calibration curve and linearity 
 

The chromatogram for ascorbic acid (10 ppm) is seen in figure 2, it shows the relative retention time 
with HPLC system is (6) minutes. The mobile phase used is methanol, acetonitrile, metaphosphoric acid 
(15:10:75), The detection wavelength is set at 254 nm and flow rate is 1.8 ml/min 
 
 

 
 

Figure 2. The chromatogram of ascorbic acid standard (10PPm) 
 

The linearity of the method was determined at four concentrations levels ranging from (10) to (200) 
ppm for ascorbic acid at the room temperature. The calibration curve was constructed by plotting response 
factor against concentration of the ascorbic acid (figure 3). The stop and intercept value for calibration curve 
was Y=51732X, R2 = 0.998. 
 

 
 

Figure  3. calibration curve of  L- ascorbic acid 

Discussion 

Milk is not rich in vitamin C, but it is used as an indicator because of its sensitivity to light, which is the 
greatest among the other milk components[18]. Exposure of milk to sunlight or fluorescent light does not only 
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affect the flavor quality, but also decreases the nutritional value [19]. L- ascorbic acid is extremely unstable to 
heat, oxygen, light, pH, moisture content[20,21]. L-Ascorbic acid is easily and reversibly oxidized to dehydro 
ascorbic acid,(figure 4)[22]. Dehydroascorbic acid in solution at neutral pH undergoes a non reversible 
oxidation to form the biologically inactive, straight–chained compound, 2,3- diketogulonic acid. [23,2] 

 
Dehydroascorbic acid                                                             L - ascorbic acid  

 
Figure.4 . Mechanism of Vitamin C degradation by exposure to air and light  
 

Table2. Showed that Vitamin C value (accounted according to extraction method) was slightly less than 
the value on the package (table 1). Accounted Vitamin C amounts in A,B,C and D samples  are (85.901, 75.743, 
86.230, 85.599 mg/100gr) while the amounts on package for A, B, C, D respectively (87, 78, 87, 86.6 
mg/100gr) these amounts may be resulted by storage conditions [1]. 

 

Table 2 . vitamin C content in milk samples during storage 

Vitamin C content in milk sampls* 
X± SD mg/ 100 g 

D C B A 

Time 
Weeks 

85.599±0.30 86.23±0.32 75.743±0.20 85.901±0.11 Open the package (0) 
70.331±0.21 78.151±0.22 62.151±0.12 77.731±0.21 After one week 
58.861±0.11 64.182±0.12 52.779±0.11 63.658±0.10 After two weeks 
41.891±0.03 48.057±0.10 37.362±0.10 47.635±0.22 After three weeks 
30.813±0.02 37.362±0.02 26.691±0.03 38.106±0.04 After four weeks 

* (Temperature = 23 ±2 º C , Humidity = 55± 5%, without light)  
 

 

 
 

Figure 5.  Humidity affect on  vitamin C  content during storage milk samples 
(Temperature = 23 ±2 º C , Humidity = 55± 5%,without light) 
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According to table 2 and figure 4 we notice decrement of vitamin C quantity in the four milk types 

since the  first week of opening the package till the fourth week. Amount of vitamin C 's decrement increases 
during storage period at room temperature,  humidity exposure  results increasing in vitamin decrement [24,25], 
(H = 55± 5%) is chosen humidity , which it is rising  humidity average in house kitchen between summer and 
winter conditions ( observed by Electronic Hygrometer)[26]. 

From table 3 and figure 5 decrement ratio of vitamin in samples C and A was approximate with 
humidity exposure at room temperature after the first week (9.396, 9.510%) respectively, in the second week 
(25.568, 25.893 %) but after the third week (44.268,44.546 %) and after the fourth week (55.639, 56.671%). In 
the other hand, it is noticed that decrement rate of vitamin in samples B and D was approximate in the four 
weeks, decrement rate was (17.944,17.836 % respectively ) after first week  ( 31.236 , 30,318 %) after second 
week (51.061, 50.672 %) after third week (64.761 ,64.003 %) after fourth week [27, 28, 26].  

 

Table 3. Loss ratio of vitamin C in milk samples during storage 

Loss ratio of vitamin C % Time* 
Week 

A B C D 
After one week 9.510 17.944 9.369 17.836 
After two weeks 25.893 30.318 25.568 31.236 
After three weeks 44.546 50.672 44.268 51.061 
After four weeks 55.639 64.761 56.671 64.003 

*(Temperature = 23 ±2 º C , Humidity = 55± 5% without light) 
 

 

Figure 6.The increasing of  Loss ratio of vitamin C in  milk samples during storage (1(A), 2(B), 3(C), 
4(D)) 
 

Table 2 clarify that vitamin C amount is (47.635, 48.057 mg/100gr) in samples A and C after the third 
week (which is the period written on the package and recommended not to have milk after it ),40mg/day is the 
allowed limitation for this age (0-6 month) [19]. But after the fourth week vitamin amount was less than the 
allowed limitation  (38.106, 37.362 mg/100gr).Vitamin C amount in samples B and D was less than the allowed 
limitations (37.362, 41.891 mg/ 100gr) after the third week  ( 50 mg/ day for 6-12 month )[12]. This leads to the 
injury of children to vitamin C deficiency. [29] 
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The effect of light 

According to table 4 and figure 7, vitamin C amount decreasing during time when samples exposure to 
humidity and light. Decrement of vitamin C ratio was relatively proximate in samples C and A. It was ( 68.724 , 
69.857 mg/100g) after first week respectively. Decrement of vitamin C increases to (28.106, 26.872 mg / 100gr) 
after the fourth week , while it was relatively proximate in samples D and B after the first week  (66.261 ,  
59.628  mg /100 gr)  respectively and it decreased after the fourth week to ( 18.519  , 15.502  mg / 100gr) [30, 
24]. 

Tables 2, 4 and figures 5, 7 clarify that losing ratio of vitamin C while exposure for light was higher 
than being in darkness at same humidity ( H = 50 ±5 %) [30]. 
 
 

Table 4. vitamin C content in milk samples during storage 
 

Vitamin C content in milk sampls* 
X± SD mg/ 100 g 

D C B A 

Time 
Weeks 

85.599±0.30 86.230±0.32 75.743±0.20 85.901±0.11 Open the package (0) 
66.261±0.41 68.724±0.41 59.628±0.60 69.857±0.54 After one week 
46.791±0.23 58.067±0.27 40.74±0.32 58.564±0.43 After two weeks 
26.808±0.16 33.848±0.11 23.064±0.21 34.689±0.23 After three weeks 
18.519±0.12 28.106±0.11 15.502±0.13 26.872±0.14 After four weeks 

 

*(Temperature = 23 ±2 º C, Humidity = 55± 5%,  light = 12000 lux)  
 

 
Figure 7.  Light affect on vitamin C content during storage milk samples 
(Temperature = 23 ±2 º C, Humidity = 55± 5%, light = 12000 lux) 

 
 

Losing ratio of vitamin C while exposure for humidity in the darkness in samples C and A after the first 
week was (9.369, 9.510%) while it was (20.301, 18.683 %) during exposure for humidity and light respectively. 
An extreme increasing in losing ratio of vitamin C when exposure for light was recognized (68.717, 67.405%) 
after fourth week in comparison with it in darkness(55.639 ,56.671)% . 

After the first week of exposure for humidity and light, losing vitamin ratio in samples D and B equals ( 
22.591, 21.275%) . It increased after the fourth week to (78.365, 79.533 %) [31] , this is the highest ratio for 
both samples in the dark for same humidity ratio, (17.836, 17.944), (64.003, 64.761) after first week and after 
the fourth week respectively. It is noticed that losing ratio of vitamin was higher in samples B and D than in 
samples C and A. 

Increasing of losing ratio of vitamin C during exposure for light and humidity results a decrement in the 
amount of vitamin to make it under the international standard limitations of vitamin existing in children milk, 
and that may make children liable to vitamin C decrement. 
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Vitamin in samples C and A  becomes less than allowed limitations for children for this age ( 40mg/ 
100gr , 0-6 month ) after the third week ( which is the allowed period for drinking milk ), ( 33.848 ,  34.689 %) 
was vitamin amount in samples C and A after the third week. While Vitamin in samples D and B  becomes less 
than  allowed limitations for children for this age ( 50mg/ 100gr , 6-12 month ) before the third week , (46.791, 
40.740 %) was vitamin amount in samples D and B after the second week [12].Vitamin C is sensitive to 
humidity and light and it is destroyed over time when exposed to atmospheric oxygen [30, 32, 33, 34].The 
result in this study  are agreement  with  reported data  on [22], figure 4. 

Milk must be reserved in tight closed package and kept away of kitchen humidity and light to ensure 
give children the vitamin amount required for good health and growth. 

 
Table 5. Loss ratio of vitamin C in  milk samples during storage 

Loss ratio of vitamin C % Time* 
Week 

A B C D 
After one week 18.683 21.275 20.301 22.591 
After two weeks 31.823 46.212 32.666 45.336 
After three weeks 59.617 69.549 60.746 68.681 
After four weeks 68.717 79.533 67.405 78.365 

*(Temperature = 23 ±2 º C , Humidity = 55± 5%, light = 12000 lux) 
 
 

 

Figure 8. The increasing of Loss ratio of vitamin C in milk samples during storage (With light = 12000 
lux)  (1(A), 2(B), 3(C), 4(D )) 
 

5 – Conclusion 

Increasing exposure for light and humidity decreases vitamin C amount during time and increases 
losing ratio. While losing ratio increases during exposure for light at the same humidity when exposure for 
darkness and it increases to be under the allowed limitation of losing. 

The results of the analysis showed that: Long exposure to light, ambient temperature, and house kitchen 
humidity ( air –conditions) may affect vitamin C stability. Vitamin C content in all samples decreased gradually 
during storage. The maximum vitamin C was in the milk stored under dark conditions, while the minimum 
content was in the milk samples stored under light (12000 lux). The results of the analysis showed that, 
Increasing exposure to room temperature, house kitchen humidity (kitchen's weather) and light results 
decrement in allowed vitamin C amount limitations in infant's milk. Results show that the largest for keeping 
baby formula A, C when exposed to moisture and without light for three weeks, either with light conceding for 
a period of less than three weeks. While saves baby milk B, D when exposed to moisture and without light for a 
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period of two weeks, either with light conceding for a period of less than two weeks .Decrement of vitamin C 
down to the allowed limitations in infants milk make infant a purpose for vitamin lack symptoms  which may 
cause sudden death .Milk must be reserved in tight closed package and kept away of kitchen humidity and  light 
to ensure give children the vitamin amount required for good health and growth, and it can be stored safely for 
long periods of time. 
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