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ABSTRACT 

Vitamin A deficiency affects millions of children and pregnant women, leading to severe 

symptoms and even death. It is a significant contributor to anemia due to its role in blood 

formation, iron absorption, and overall immune function. Fatalities associated with vitamin 

A insufficiency are often indirectly caused by anemia. This study aimed to evaluate the 

nutritional value of drinks made from carrots, sweet potatoes, and tomatoes, considering 

their potential to address vitamin A deficiency and anemia-related issues. Five recipes 

were developed, varying the weight ratios of the ingredients. Sugar and water were added 

to achieve a Brix concentration of 14° and the beverages were pasteurized. After six 

months of storage at room temperature, recipe R2 demonstrated the best physical, chemi-

cal, and sensory properties. One serving (100 ml) of this beverage contains a high amount 

of vitamin A (3010iu), which is adequate for most individuals, except for pregnant and lac-

tating women, who are advised to consume double the amount (200 ml). However, it falls 

short of meeting the daily requirements for vitamin C, iron, copper, and folate. Neverthe-

less, when paired with meals including edible oils like sunflower oil, it can help improve 

iron absorption. This natural drink offers a promising solution for individuals dealing with 

vitamin A deficiency or anemia, particularly when incorporated into a balanced diet. 
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1. Introduction 

       Vitamin A deficiency is a significant global health 

concern (Souganidis et al., 2013), affecting millions of 

school-aged children and pregnant women in develop-

ing and low-income countries. This deficiency leads to 

malnutrition, mortality, deteriorated health status, slow-

er tissue development, delayed metabolism, and in-

creased susceptibility to infectious diseases (Sommer, 

2008). Vitamin A deficiency is one of the leading caus-

es of poor health and malnutrition among young        

children in Africa (Zhao et al., 2022). It affects around 

50% of children aged 6 to 59 months and pregnant 

women, particularly in low-income countries, and more 

than half of children with severe vitamin A deficiency 

die. In  addition to stunted growth, vitamin A deficiency 

can cause liver disease, absorption issues, night blind-

ness, dry skin, and complications in the linings of the 

intestines, bladder, and lungs (UNICEF, 2024 and Bhat-

te et al., 2024). In many countries, vitamin A deficiency 

is a cause of early mortality among infants and children 

aged 5 to 6 years, as well as blindness in pregnant wom-

en and girls. Insufficient vitamin A intake has also been 

identified as a factor in anemia (Khor, 2005 and Khan et 

al., 2007) and it is suggested that vitamin A deficiency 

contributes to anemia by affecting hematopoiesis and 

improving susceptibility to common illnesses (Semba et 

al., 1992; Semba and Bloem, 2002).  The majority of 

the findings of various studies show that all deaths and   

adverse effects of vitamin A deficiency are indirectly 

connected to anemia, reduced iron absorption, which 

leads to iron deficiency anemia and a higher mortality 

risk (Sommer and Vyas, 2012). The causes of anemia 

include iron deficiency, malaria, certain  

unavoidable illnesses, and poor overall  

Original Article 
 
 
Article information 
Received  03/8/2024 
Revised    05/9/2024 
Accepted 10/9/2024                      
Published 12/9/2024  

Available online 
15/9/2024 

 
 
Keywords  
Beverages, Recipes, Defi-
ciency, Vitamin A, Ane-
mia, Carrots, Sweet Pota-
toes, Tomatoes 

Journal website: https://ftrj.journals.ekb.eg/ 

Published by Food Technology Research Institute, ARC 



Food Technology Research Journal, Vol. 5, issue 2, 123-137, 2024 

health, which ultimately affect hemoglobin and vit-

amin A levels in the body. Anemia, characterized 

by a deficiency of red blood cells and hemoglobin, 

reduces the body's ability to transport oxygen to 

vital organs through the bloodstream. Various fac-

tors contribute to anemia, such as deficiencies in 

iron, copper (which aids iron absorption), and vita-

min C (WHO, 2008). While iron deficiency is the 

most common cause of anemia (Latham, 1997), 

deficiencies in vitamin B-12, folate, vitamin A, and 

even zinc can also lead to anemia in mothers, either 

individually or in combination (Van den Broek and 

Letsky, 2000). However, combining iron and vita-

min A supplementation in pregnant women has 

been shown to improve both vitamin A and iron 

levels (Suharno et al., 1993). The primary factors 

contributing to the prevalence of vitamin A defi-

ciency are inadequate intake and poor absorption, 

which are influenced by socioeconomic status and 

socio-cultural barriers (Akhtar et al., 2012). One 

important strategy to combat vitamin A deficiency 

is to consume plant sources rich in vitamin A pre-

cursors or use them in food fortification (Wu et al., 

2021). Plant sources rich in β-carotene, a precursor 

of vitamin A—such as carrots, sweet potatoes, and 

tomatoes—play a crucial role in providing essential 

nutrients for health. These foods are significant 

sources of vitamin A, helping increase hemoglobin 

levels in the blood due to their β-carotene content 

(Mielech et al., 2020). Carrots, sweet potatoes, and 

tomatoes are also rich in antioxidants, particularly β

-carotene, which has various biological benefits, 

including reducing mortality (Fedacko et al., 2019). 

In addition to promoting tissue growth and repair, 

these foods help combat infections, protect vision, 

prevent eye diseases, and reduce the risk of various 

illnesses and cancers (Bacchetti et al., 2019). They 

are also high in iron, copper, potassium, vitamin C, 

and folic acid, all of which aid iron absorption, 

boost immune function, protect against infections, 

and prevent anemia. A single tomato provides 27-

33% of the daily vitamin C requirement for adult 

men and women (Garavand et al., 2019 and Har-

wansh et al., 2019). Sweet potatoes are rich in es-

sential nutrients such as vitamins C and E, B vita-

mins, iron, zinc, potassium, and fiber (Gelaye, 

2024). A 100-gram serving of sweet potatoes pro-

vides 35% of the daily   vitamin C requirement, 

385% of the vitamin A   requirement, and 27% of 

the daily potassium requirement, along with addi-

tional fiber, vitamins, and minerals (Fernandez-

Orozco et al., 2013). β-carotene, derived from natu-

ral sources, is converted into two molecules of vita-

min A in the animal body, where it is stored as reti-

nyl ester (O'Byrne and Blaner, 2013). Biologically, 

one international unit (IU) of vitamin A is equiva-

lent to 0.3 µg of retinol or 0.6 µg of β-carotene. The 

recommended daily intake for males is typically 

900 micrograms of retinol or 1,800 micrograms of 

β-carotene, which equals 3,000 IU, while for fe-

males, it is 700 micrograms of retinol or 1,400 mi-

crograms of β-carotene, equivalent to 2,330 IU of 

vitamin A (IM, 2001). Developing new products by 

combining two or more types of vegetables can in-

crease market appeal, enhance color and flavor, and 

reduce production costs (De Carvalho et al., 2017). 

This study evaluates the nutritional value of bever-

ages made from a blend of carrots, sweet potatoes, 

and tomatoes, and how well they meet the nutri-

tional needs of individuals suffering from vitamin 

A deficiency or deficiencies that cause anemia.  

2. Materials and Methods 

Materials 

Chemicals 

     DPPH, Folin-Ciocalteu reagent, and all analyti-

cal-grade solvents and chemicals were supplied by 

Sigma-Aldrich Corporation. 

Vegetables 

      Fresh carrots (Daucus carota L.), sweet pota-

toes (Ipomoea batatas L.), and tomatoes 

(Lycopersicum esculentum) were purchased from a 

local market in Ismailia, Egypt. 

Starting Materials 

      Sugar and citric acid, used in the preparation of 

the drinks, were obtained from local markets in  

Ismailia, Egypt. 

Preparation of Pulps 

      The preparation process began by thoroughly 
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The vegetables were then immersed in boiling water 

for 20 minutes. Carrots were pulped using a hand 

mixer, while sweet potatoes were peeled and 

mashed. Fresh tomatoes were washed and air-dried, 

and their juice was extracted using a Moulinex juice 

extractor, followed by filtering through strainers. 

Drink Preparation 

      The carrot roots, sweet potato tubers, and toma-

to pulps were blended according to the proportions 

outlined in Table 1. 
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Table 1. Recipes for drinks 

Recipes Carrot: sweet potato: tomato pulps  Total pulp/100ml drink Final brix 

R1 10 : 4g : 4g 18 g 14 

R2 8g : 6g : 4g 18 g 14 

R3 7g : 7g : 4g 18 g 14 

R4 6g : 8g : 4g 18 g 14 

R5   4g : 10g : 4g 18 g 14 

In this study, sugar and water were used to adjust 

the concentration to 14°Brix. Sodium benzoate (1g/

l) was added as a preservative, and citric acid was 

used to adjust the pH to 4 (Ibrahim and El-Dreny, 

2022). The drinks were pasteurized at 85°C for 25 

seconds, sealed, and placed in a water bath at 85°C 

for 2 minutes. The bottles were then cooled to room 

temperature using cold water and stored at room 

temperature (Ibrahim and Khashaba, 2020). Sam-

ples were analyzed after processing and every two 

months thereafter. 

Method 

Proximate Analysis 

      Proximate analysis, including moisture, crude 

protein, crude fat, crude fiber, and total ash, was 

conducted according to AOAC (2005). Total carbo-

hydrates were estimated using the following equa-

tion: Available carbohydrates = 100 - [moisture + 

protein + fat + fiber + ash].  

Brix (TSS) 

     Abbe refractometer (USA) C10 at 20°C was 

used to determine Brix degree. 

pH values 

      A pH meter Jenway 510 (UK) that calibrated 

with buffers at pH 4.0 and pH 7.0 was used to deter-

mine the pH. 

 Titratable acidity 

       NaOH at 0.1N was used to titration the drinks 

to determine acidity as % citric acid according to 

AOAC (2000). 

Ascorbic acid 

      2,6- Dichlorophenolindophenol used to calibrate 

ascorbic acid to a pink color and calculated as 

mg/100g drink according to (Ranganna, 2009). 

Total phenolic content (TPC) 

      PC was estimated by Osorio-Esquivel et al. 

(2011) using the Folin-Ciocalteu reagent and ex-

pressed in milligrams of gallic acid equivalent per 

gram of sample.  

Antioxidant Activity (AA) 

      Antioxidant activity was determined using the 

Diphenylpicrylhydrazyl (DPPH) method as de-

scribed by Brand-Williams et al. (1995). 

β-Carotene 

      β-Carotene content was determined using a 6:4 

v/v mixture of hexane and acetone, as outlined by 

Barros et al. (2011). 

Folate 

      Folate analysis of the beverage samples was 

performed using HPLC, following the method de-

scribed by Jastrebova et al. (2003). 

Browning (Alcohol-Soluble Color) 

       Browning was determined using the method 

outlined by Ranganna (2010). 

Color Estimation 

     Color attributes, including lightness (L*), red-

ness to greenness (a*), and yellowness to blueness 

(b*), were measured using a Minolta CR-10 color 

reader (Inc., Osaka, Japan). 

Minerals Analysis 

      Iron (Fe) and copper (Cu) were determined us-

ing atomic absorption spectroscopy, following the 

AOAC (2005) method. 
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Microbiological Analysis 

      Recipe samples were analyzed for microbial 

load using the serial dilution and plating technique. 

A 25mL beverage sample was homogenized in 

225mL of 0.1% peptone water. Total bacterial 

count (TBC) and yeast and mold count (YMC) were 

determined using appropriate dilutions on nutrition-

al agar and potato dextrose agar. The plates were 

incubated at 37°C for 48 hours for TBC and 25°C 

for 5 days for YMC. The mean values were report-

ed as log cell forming units (CFU) per milliliter. 

Sensory Attributes 

       Sensory assessments of several beverages were 

conducted by a panel of ten semi-trained panelists 

using the Howard and Dewi (1995) approach for 

taste, odor, color, mouthfeel, and appearance. Over-

all acceptability was calculated as the mean of all 

scores. 

Statistical Analysis 

      ANOVA analysis was applied to the data using 

COSTAT (CoHort software version 6.303), and the 

means were compared using Duncan's test at          

P = 0.05. 

3. Results and Discussion 

The proximate analysis and chemical 

composition of carrot, sweet potato, 

and tomato pulps  
      Carrots are a low-glycemic food with a glyce-

mic index of 16-55, offering numerous health bene-

fits, especially for diabetics (Sun et al., 2015).     

They are primarily composed of carbohydrates 

(10.1%) and water (84.9%), with appropriate 

amounts of protein, fats, and minerals. Carrots have 

around 41 calories per 100 grams carrots are a rich 

source of dietary fiber, contributing to healthy 

weight maintenance and reduced heart disease risk. 

They are also an excellent source of minerals and 

vitamins. A 100g sweet potato contains 85.8 calo-

ries, 75.2% water, 1.6g of protein, 20.1g of carbo-

hydrates, 1.8g of fiber, and 0.3g of fat. Each 100g 

of raw tomatoes provides 18 calories, 92.7g of wa-

ter, 0.9g of protein, 0.2g of fat, 3.8g of carbohy-

drates, and 1.2 grams of fiber. Carrots, sweet pota-

toes, and tomatoes are all rich in β-carotene, which 

is converted into vitamin A in the intestines. Provit-

amin A (PVA), a precursor to vitamin A, is primari-

ly found in leafy vegetables and yellow fruits 

(Strobel et al., 2007 and Imdad et al., 2022). Bio-

logically, one international unit of vitamin A is 

equivalent to 0.3µg of retinol or 0.6µg of β-

carotene. The daily recommended intake for males 

is typically 900 micrograms of retinol or 1800 mi-

crograms of β-carotene per day, equivalent to 3,000 

international units, while for females it is 700 mi-

crograms of retinol or 1400 micrograms of β-

carotene per day, equivalent to 2,330 international 

units of vitamin A (IM, 2001). Based on the β-

carotene data in the table, 100g of carrots, sweet 

potatoes, or tomatoes exceed the body's daily re-

quirements by 430%, 190%, and 50%, respectively. 

Vitamin C enhances iron absorption and immune 

system function. The recommended daily allowance 

(RDA) of vitamin C is 90mg for adult males, 75mg 

for adult females, and 120 milligrams for pregnant 

women aged 19 and older. According to the vitamin 

C quantities in the table, 100 grams of carrots, 

sweet potatoes, or tomatoes provide 20%, 32%, and 

48% of the body's daily requirements, respectively. 

The iron content in 100 grams of each type of vege-

table surpasses the daily needs of children up to 12 

months. For children over a year old, adults, and the 

elderly, 100 grams of each type of vegetable pro-

vides 10-35% of the daily iron needs. Copper is an 

essential mineral for overall well-being, present in 

every body tissue. It plays a role in red blood cell 

formation, enzyme production, nerve cell health, 

immune system function, collagen production, iron 

absorption, and energy generation. The daily copper 

need varies with age. Adults should consume 900 

micrograms (mcg) of copper per day, with a maxi-

mum of 10,000 mcg (10mg) for those aged 19 and 

over. The data presented in the table show that 100g 

of various vegetables provide 33-78% of the daily 

copper needs. However, they only provide 2.75-

4.75% of the recommended daily folate consump-

tion (approximately 400 micrograms per day). 
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Table 2. The proximate analysis and chemical composition of carrot, sweet potato, and tomato pulps 

on wet weight basis  

Analysis Carrot Sweet Potato Tomato 

Proximate analysis 

Moisture% 84.9 75.2 92.7 

Available carbohydrate %  10.1 20.11 3.8 

Protein% 0.9 1.6 0.9 

Fat% 0.2 0.3 0.2 

Total Ash% 1.1 0.99 1.2 

Crude Fiber % 2.8 1.8 1.2 

Antioxidant and minerals  

Carotenoids (β-carotene) μg/g 258 115.1 4.49 

Vitamin C mg/g 0.15 0.234 0.3616 

Folate (Vitamin B9) μg/g 0.19 0.11 0.15 

Fe mg/g 0.022 0.0081 0.028 

Cu mg/g 0.003 0.007 0.0067 

Effect of storage on remaining vitamin 

A units equivalent to the amount of β -

carotene in each recipe 

      Table 3 shows the β-carotene content per 100 

mL of drink, the equivalent international units of 

vitamin A, and the percentage of vitamin A remain-

ing after 6 months of storage. The data indicate that 

the β-carotene percentage increased with the higher 

proportion of carrots in the recipe, as observed in 

Recipe R1. Conversely, β-carotene content de-

creased with a reduction in carrots and an increase 

in sweet potatoes, reaching the lowest level in Reci-

pe R5. Notably, after pasteurization, Recipe R3 re-

tained the highest percentage of β-carotene concen-

tration (87.9%) of the original value and the highest 

percentage after 6 months of storage (67.7%), 

equivalent to 2966 IU of vitamin A.  

Table 3. Effect of storage on remaining vitamin A units equivalent to the amount of β -

carotene in each recipe 

     Months 

β-carotene in fresh 

drink (µg/100ml)  
0 2 4 6  

R1 β-carotene (µg/100ml)  3058a 2651a 2376a 2174a 1771b 

 Equivalent IU* of V.A  4421 3960 3623 2952 

 Remaining after loss%   86.7 77.7 71.1 57.9 

R2 β-carotene (µg/100ml)  2773b 2432b 2171b 1985b 1806 a 

 Equivalent IU of V.A  4053 3618 3309 3010 

 Remaining after loss%   87.7 78.3 71.6 65.1 

R3 β-carotene (µg/100ml)  2630c 2312c 2134c 1969c 1780b 

 Equivalent IU of V.A  3854 3556 3282 2966 

 Remaining after loss%   87.9 81.1 74.9 67.7 

R4 β-carotene (µg/100ml)  2487d 2098d 1857d 1724d 1477c 

 Equivalent IU of V.A  3497 3095 2874 2462 

 Remaining after loss%   84.4 74.7 69.3 59.4 

R5 β-carotene (µg/100ml)  2201e 1799e 1558e 1312e 1009d 

 Equivalent IU of V.A  2997 2597 2186 1682 

 Remaining after loss%   81.7 70.8 59.6 45.8 

* One international unit of vitamin A is equal to 0.6 µg of β-carotene according to (IM, 2001) 
a-b Means with distinct superscript alphabets in each column are substantially different between treatments.  
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Recipe R2, however, provided the greatest amount 

of vitamin A (3010 IU), exceeding the daily re-

quirements for men (3000 IU) and women (2330 

IU). Over the six-month storage period, β-carotene 

levels in all recipes exhibited a similar declining 

trend, attributed to auto-oxidative degradation or 

isomerization (Alkesh et al., 2005; Sharma et al., 

2009). Dhiman et al. (2017) reported similar find-

ings for pumpkin drinks. Given that vitamin A defi-

ciency can contribute to anemia through various 

mechanisms, including its role in erythropoiesis, 

immune function, and iron metabolism (Semba and 

Bloem, 2002), the drinks from Recipes R2 and R3 

are particularly suitable for patients with anemia 

caused by vitamin A deficiency. At the end of the 

storage period, 100 mL of these drinks from Reci-

pes R2 and R3 meet the daily vitamin A needs for 

both men and women.  

Effect of storage on the residual units of 

vitamin A that are equivalent to β -

carotene  

      Table 4 shows how many IU of vitamin A 

equivalent to β-carotene are present in each 100 mL 

of drink. As previously indicated, 100 ml of a reci-

pe R2 or R3 approximately covers an adult's daily 

vitamin A equivalent need, whether male and fe-

male. Consuming a whole package (200 ml) of ei-

ther R2 or R3 recipes increases vitamin A IU by 

almost twice. When two packets (400 ml) are taken 

in every day, the consumption of vitamin units in-

creases to approximately four times what the body 

requires. 

Table 4. Effect of storage on the residual units of vitamin A that are equivalent to β -carotene in 100 

mL drink 

 Equivalent units of Vitamin A (IU) in 100 mL drink  

 0 2 4 6 

R1 4421a 3960a 3623a 2952c 

R2 4053b 3618b 3309b 3010a 

R3 3854c 3556c 3282c 2966b 

R4 3497d 3095d 2874d 2462d 

R5 2999e 2597e 2186e 1682e 

a-b Means with distinct superscript alphabets in each column are substantially different between treatments  

Percentage of average daily intake of vitamin A 

units (β-carotene equivalent) from consuming 

100 ml drink of various recipe for various 

groups during storage  

Table No. 5 shows the percentage of vitamin A ob-

tained daily as a result of consuming 100ml drink of 

different recipes stored for six months at room tem-

perature for the different categories. For children 

aged 1-3 years, a 100 ml drink after 6 months of 

storage from recipe R2 (containing the maximum 

concentration of β-carotene) provides the body with 

three times the vitamin A equivalent units needed 

(301 %). In cases when more vitamin A is required, 

such as in pregnant or breastfeeding women, 100 

mL of R2 drink after 6 months of storage provides 

just 69.5% of the daily need. As a consequence, it is 

preferable to raise the amount consumed to 200 ml 

(one bottle) per day, which would cover the daily 

needs by 139% in such instances. Increasing the 

quantity of vitamin A consumed by women in gen-

eral, pregnant and breastfeeding women in particu-

lar, is extremely beneficial because females are al-

ways more vulnerable to vitamin A deficiency and 

anemia than men in practically all geographical lo-

cations and age groups (Kassebaum et al., 2014). 

Based on this, we conclude that 100 ml of the drink 

from the prepared recipes, particularly R2, meets 

the body's daily vitamin A requirements for all 

groups, with the exception of pregnant and breast-

feeding women, who must double the amount of 

drink consumed daily to reach 200 ml, which is 

equivalent to one bottle. 
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The amount of vitamin C, iron, cop-

per, and folate in the fresh drink made 

from different recipes 

      Table 6 presents the levels of vitamin C, folate, 

copper, and iron in 100 mL of fresh drink. These 

elements are closely linked to anemia, a nutritional 

deficiency that occurs when the body lacks suffi-

cient nutrients for red blood cell production or 

maintenance (Balarajan et al., 2011). Common die-

tary deficiencies causing anemia include vitamin A, 

B12, B6, C, D, E, folic acid, riboflavin, iron, cop-

per, and zinc (Wieringa et al., 2016). The fresh 

drink data in Table 6 shows that the vitamin C con-

tent in the five recipes did not reach 5 mg/100 mL, 

and two bottles (400 mL) did not meet the recom-

mended daily intake for women (17 mg) or men (18 

mg). Regarding iron, the drink only meets the daily 

needs of children up to six months. For other age 

groups, consuming up to 400 mL of the drink does 

not meet the daily iron requirement, which ranges 

from 7 to 18 mg. The daily copper need is estimat-

ed to be 0.9 mg, and two bottles of the drink pro-

vide only one-third to one-half of that amount. Ad-

ditionally, the folate supply in the drink is inade-

quate. The daily folate requirement is 400 µg, while 

two bottles provide only 12 µg per day. Based on 

the available data, we can conclude that the drink 

prepared from carrots, sweet potatoes, and tomatoes 

is beneficial for enhancing immunity and treating 

vitamin A deficiency but is not effective for treating 

anemia due to its insufficient levels of iron, copper, 

vitamin C, and folate, which are essential for ad-

dressing anemia. 

Table 6. The amount of vitamin C, iron, copper, and folate in the fresh drink made from 

different recipes. 

 Fresh drink 

 
Vitamin C (mg/100ml 

drink) 

Fe mg/100ml  

drink 

Cu mg/100ml 

drink 

Folate µg/100ml 

drink 

R1 3.88e 0.36a 0.085d 2.94a 

R2 4.05d 0.34b 0.093c 2.78b 

R3 4.13c 0.32c 0.097b 2.70c 

R4 4.22b 0.31c 0.101b 2.62d 

R5 4.39a 0.28d 0.109a 2.46e 

a-b Means with distinct superscript alphabets in each column are substantially different between treatments 

Evaluation of pH and acidity of recipes 

over storage periods  

      This study estimated the pH and acidity levels in 

five beverage recipes over a six-month storage peri-

od. The results indicated a decrease in pH and an 

increase in acidity over time. The rise in acidity and 

decline in pH during storage may be due to pectin 

hydrolysis or glycolysis. Ahmad et al. (2019) ob-

served a similar trend in peach juices preserved for 

90 days. Recipes R2 and R3 showed the smallest 

increase in acidity during storage, which positively 

impacted the taste and aroma of the drinks. R2 stood 

out as the best, as its flavor and color closely resem-

bled that of an apricot drink. In contrast, the acidity 

increased significantly in the other recipes, especial-

ly in R5 and R4.  

Evaluation of Total phenol (mg/100g) and 

Antioxidant activity % of recipes over 

storage periods  

       Figure 2 shows the levels of total phenols and 

antioxidant activity in various beverage recipes. The 

figure illustrates that the greater the amount of car-

rots used in the recipes, such as in R1, the higher the 

concentration of phenolic compounds in the drink. 

R1 had the highest phenol concentration, followed 

by R2, both at the beginning and end of storage. The 

results also show that as the proportion of sweet po-

tatoes in the recipe increases at the expense of car-

rots, the phenolic content decreases. This was ob-

served in R5, which had the highest percentage of 

sweet potatoes and the lowest phenolic content at 

both the start and end of storage. Over time, the   
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phenolic compound content in all five recipes gen-

erally declined. Regarding antioxidant activity, R2 

and R3 exhibited the highest levels both before and 

after storage. At the end of storage, R1 showed the 

lowest antioxidant activity, following R4 and R5. 

The reduction in total phenols and antioxidant activ-

ity during storage may be attributed to the conden-

sation of polyphenols into brown pigments. These 

findings are consistent with those of Sharma et al. 

(2019) for the apple-whey beverage. 

Evaluation of Alcohol soluble color and 

L* of recipes over storage periods  

      Figure 3 compares the five beverage recipes in 

terms of browning and transparency over a six-

month storage period at room temperature. At the 

beginning of storage, the browning rates for the five 

recipes ranged from 0.070 to 0.090. After six 

months, browning increased to a range of 0.150 to 

0.190, with growth rates between 0.081 and 0.100. 

The changes in browning during storage are primar-

ily attributed to non-enzymatic browning or phenol 

oxidation, leading to increased browning, as noted 

by Bhardwaj and Mukherjee (2011) for kinnow 

juice, and Adeogun et al. (2017) for sweet orange 

juice. Mokhtar and Ibrahim (2020) also reported a 

similar increase in the browning index of guava 

nectar after six months of storage at room tempera-

ture. The recipes with the highest proportion of 

sweet potatoes showed the most browning by the 

end of storage, particularly R5 (0.190) and R4 

(0.175), while R2 had the lowest browning (0.150), 

followed by R3 and then R1. These results align 

with the transparency (L*) values, where R2 exhib-

ited the highest transparency (and the lowest brown-

ing), followed by R3 after six months of storage. 

Figure 1. Evaluation of pH and acidity of recipes over storage periods  

Figure 2. Evaluation of Total phenol (mg/100g) and Antioxidant activity % of recipes over storage 
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Figure 3. Evaluation of Alcohol soluble color and L* of recipes over storage periods 

Evaluation of a* and b* of recipes over 

storage periods  

      The values of a* and b*, which are displayed in 

Figure 4, reveal how the red and orange hue of ly-

copene and carotenoid pigments decreases during 

storage. The degree of redness, as indicated by the 

value of a*, decreased during the period of six 

months of storage. At the conclusion of storage, 

recipes R2 and R3 showed the highest values, indi-

cating a high level of redness in each of them and 

the retention of the lycopene pigment. However, the 

redness levels of recipes R5 and R4 were the low-

est, which was mirrored in a drop in lycopene. Us-

ing the b* index, the same outcomes were seen, 

with recipes R2 and R3 having the highest levels of 

yellowing at the conclusion of storage and R5 and 

R4 having the lowest levels. Overall, the chemical 

data summary reveals that the R2 and R3 recipes 

have superior chemical properties to the other reci-

pes, with R2 outperforming them all. The results 

shows that recipe R2 had the highest level of β-

carotene and vitamin A equivalent units at the end 

of storage. 100 ml of this recipe meets daily vitamin 

A equivalent requirements for all groups except 

pregnant and breastfeeding women. They must take 

200 ml per day of this R2 recipe or any other recipe 

to meet their daily needs. The chemical analysis of 

the drinks prepared from the various recipes re-

vealed that R5 and R4 had the lowest chemical fea-

tures.  

Figure 4. Evaluation of a* and b* of recipes over storage periods.  
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Microbiological Analysis 

       Microbiological examination of processed and 

stored recipe samples revealed bacterial, yeast, and 

mold counts below 10 CFU/mL (data not shown). 

The acquired findings met the requirements of 

Egyptian nectar standards, EOS No. 1602-1/2005. 

Thus, the various recipes were deemed safe for in-

gestion due to their minimal microbial burden. This 

might be attributed to the heat pasteurization (85°

C/25 seconds) and low pH values (3.75-4.00) of the 

tested recipes. Silva et al. (2016) for red guava juice 

reported similar findings after 6 months of storage 

at ambient temperature. 

Sensory evaluation of recipes over the 

storage periods  

       Table 5 presents the sensory attributes of the 

proposed beverage recipes. The findings at the be-

ginning of storage indicate that a higher ratio of car-

rots to sweet potatoes in the formula correlates with 

greater overall acceptability of the drink. R1 had the 

highest overall acceptability score at the start, fol-

lowed by R2, R3, R4, and R5. The scores ranged 

from 8.0 to 8.5, with a difference of approximately 

0.5 points between recipes. At the end of storage, 

R2 achieved the highest overall acceptability score 

(8.1), followed by R3 (7.9), R1 (7.7), R4 (7.3), and 

R5 (7.1), with a 1.0-point difference between the 

highest (R2) and lowest (R5) scores. 

Factors such as transparency (L*), redness (a*), yel-

lowness (b*), total phenols, antioxidant activity, pH, 

and β-carotene levels all influenced overall accepta-

bility. Increasing these factors generally produced 

the most favorable results. By the end of storage, 

recipes with lower transparency, redness, and yel-

lowness scores exhibited a notable decline in aver-

age overall acceptability. Similar trends were ob-

served in the storage of various juice types by Ibra-

him and Khashaba (2020). 

In summary, R2 outperformed the other recipes in 

terms of taste, smell, color, mouthfeel, appearance, 

and overall acceptability. These findings are con-

sistent with the results of chemical and physical 

analyses, confirming R2's superiority. It is therefore 

recommended for addressing or preventing vitamin 

A deficiency by consuming 100 ml of the drink dai-

ly, which would meet the body's required daily in-

take of vitamin A for all age groups, except preg-

nant and lactating women, who should consume 200 

ml of R2 to ensure sufficient vitamin A intake, par-

ticularly for vegetarians. However, the findings also 

show that these recipes do not meet the daily re-

quirements for vitamin C, iron, copper, and folate, 

making them unsuitable for treating or reducing the 

risk of anemia.  
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Table 7. Sensory evaluation of recipes over the storage periods  

 Sensory evaluation 

 At zero time After storage 

 
Taste Odor Color 

Mouth 
Feel 

Appear-
ance 

Overall 
 Accepta-

bility 
Taste Odor Color 

Mouth 
Feel 

Appear-
ance 

Overall  
Accepta-

bility 

R1 
8.6a 8.6a 8.6a 8.6a 8.1a 8.5a 7.7c 7.3c 8.1c 7.4c 7.8c 7.7c 

R2 
8.6a 8.6a 8.6a 8.1b 8.1a 8.4b 8.3a 7.8a 8.3a 7.8a 8.3a 8.1a 

R3 
8.6a 8.1b 8.6a 8.1b 8.1a 8.3c 8.1b 7.5b 8.2b 7.6b 8.0b 7.9b 

R4 
8.1b 7.9c 8.6a 7.8c 7.8b 8.0d 7.3d 7.0d 7.8d 7.0d 7.6d 7.3d 

R5 
8.1b 7.8d 8.6a 7.6d 7.8b 8.0d 7.0e 6.8e 7.6e 6.5e 7.4e 7.1e 

a-b Means with distinct superscript alphabets in each column are substantially different between treatments  
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4.Conclusion 

In conclusion, the significance of vitamin A precur-

sors, such as β-carotene—found in vegetables like 

carrots, sweet potatoes, and tomatoes—cannot be 

overstated. These foods play a crucial role in treat-

ing vitamin A deficiency, alleviating anemia symp-

toms, and protecting against many non-

communicable diseases by boosting immunity. Us-

ing ingredients rich in vitamin A precursors and 

other essential nutrients to develop food products 

offers a natural solution to combat vitamin deficien-

cies and anemia without the side effects associated 

with medications or supplements. These products 

maintain high biological value due to their natural 

composition. This approach presents a promising 

strategy for addressing malnutrition, population 

growth, and other global challenges, particularly in 

low-income and developing nations, while striving 

to improve nutritional outcomes. By leveraging the 

inherent nutritional and functional benefits of these 

vegetables, such solutions can provide social, thera-

peutic, and economic benefits to vulnerable popula-

tions. 

References 

Adeogun O.O., Adekunle AA, Adongbede EM. 

(2017). Effects of leaf extracts of selected 

plants on quality of stored Citrus sinensis 

(sweet orange) juice. Notulae Scientia Biologi-

cae, 9(2), 256-262.   

Ahmad U, Ahmad RS, Imran A, Mushtaqq Z, 

Hussian SM. (2019). Characterization of low 

calorie ready-to-serve peach beverage using 

natural sweetener, Stevia (Stevia rebaudiana 

Bertoni). J Nutr Internal Med, 21(1), 435-444.   

Akhtar H., Tahir L., Mahmud S., Hamid S. (2012). 

Loss of vitamin A in fortified edible oils and 

ghee during cooking in asian traditional style. 

Bangladesh Journal of Scientific and Industrial 

Research, 47(2), 243-248.  

Alkesh A, Sharma K.D., Kaushal B.B.L. (2005). 

Utilization of apple fruits grown at lower ele-

vations of Himachal Pradesh for the prepara-

tion of convenience products.  

AOAC (2000). Official methods of analysis, 16th 

edn. Association of Official Analytical Chem-

ists, Washington. 

AOAC (2005). Official methods of analysis (18th 

edn.). Association of Official Analytical 

Chemists, Washington DC, USA. 

Bacchetti T, Turco I, Urbano A, Morresi C, Ferretti 

G. (2019). Relationship of fruit and vegetable 

intake to dietary antioxidant capacity and 

markers of oxidative stress: A sex-related 

study. Nutrition, 61, 164-172.  

Balarajan Y, Ramakrishnan U, Ozaltin E. (2011). 

Anaemia in low-income and middle-income 

countries. Lancet 378: 2123-2135. 

Barros L, Cabrita L, Boas MV, Carvalho AM, Fer-

reira IC. (2011). Chemical, biochemical and 

electrochemical assays to evaluate phytochemi-

cals and antioxidant activity of wild plants. 

Food Chem 127:1600–1608.  

Bhardwaj R.L., Mukherjee S. (2011). Effects of 

fruit juice blending ratios on kinnow juice 

preservation at ambient storage condition. Afri-

can Journal of Food Science, 5(5), 281-286.   

Bhatte S, Frederick J, Serrano S, Ajello C, Chow-

dhury Z, Jamir T, Kichu L, Longchar T, 

Sachdeva RC, Sareen N, Steets A. (2024). 

Bridging the vitamin A and deworming cover-

age gap among underserved populations in In-

dia through government and civil society or-

ganization partnerships. Archives of Public 

Health. Volume 82, article number 75, (2024). 

Brand-Williams W, Cuvelier ME, Berset C. (1995). 

Use of free radical method to evaluate antiox-

idant activity. Lebensmittel-Wissenschaft and 

Technology, 28, 25-30. 

De Carvalho, J.M., Maia, G.A., De-Figueredo, 

R.W. (2017) Development of a blended non-

alcoholic beverage composed of coconut 

water and cashew apple juice cafeine. J 

Food Quality 30:664–681.  

Dhiman A.K., Babu G.N., Surekha A., Preethi R. 

(2017). Development and standardization of 

ripe pumpkin based squash and its stability 

during storage. International Journal of Cur-

rent Microbiology and Applied Sciences, 6

(10), 821-831.   

Fedacko J, Singhal S, Singh RB, Hristova K, Itharat 

134 
Production of Beverages with Nutritional Value for Some Sensitive Groups  

Food Technology Research Journal, Vol. 5, issue 2, 123-137, 2024 



       A, Halabi G. (2019). Functional food security 

for prevention of cardiovascular diseases. In 

The role of functional food security in global 

health (pp. 167-183). Academic Press.   

Fernandez-Orozco R, Gallardo-Guerrero L, Hornero

-Méndez D. (2013) Carotenoid profling in tu-

bers of diferent potato (Solanum sp.) cultivars: 

accumulation of carotenoids mediated by xan-

thophyll esterifcation. Food Chem 141:2864–

2872 

Garavand F, Rahaee S, Vahedikia N, Jafari SM. 

(2019). Different techniques for extraction and 

micro/nanoencapsulation of saffron bioactive 

ingredients. Trends in Food Science & Technol-

ogy, 89, 26-44.  

Gelaye Y. (2024). Sweet potato: a versatile solution 

for nutritional challenges in Ethiopia. Technol-

ogy in Agronomy, 4(1).  

Harwansh RK, Deshmukh R, Rahman MA. (2019). 

Nanoemulsion: Promising nanocarrier system 

for delivery of herbal bioactives. Journal of 

Drug Delivery Science and Technology, 51, 

224-233.  

Howard LR, Dewi T. (1995). Sensory, microbiologi-

cal and chemical quality of mini-peeled carrots 

as afected by edible coating treatment. J Food 

Sci 60(1):142–144.  

Huffman SL, Baker J, Shumann J, Zehner ER. 

(1998). The Case for Promoting Multiple Vita-

min/Mineral Supplements for Women of Re-

productive Age in Developing Countries. Link-

ages Project, Academy for Educational Devel-

opment, Washington, DC. 

Ibrahim IMA, El-Dreny EG. (2022). Preparation of 

functional drinks using spirulina algae. Food 

Science and Quality Management, 13: 50-62.  

Ibrahim IMA, Khashaba HMH. (2020). Nutritional 

values and acceptability of syrups produced af-

ter blending carrots, sweet potatoes, and toma-

toes. Bulletin of the National Research Centre, 

44, 1-8.  

IM (Institute of Medicine). Food and Nutrition 

Board. Dietary Reference Intakes for Vitamin 

A, Vitamin K, Arsenic, Boron, Chromium, 

Copper, Iodine, Iron, Manganese, Molyb-

denum, Nickel, Silicon, Vanadium, and Zincex-

ternal link disclaimer. Washington, DC: Nation-

al Academy Press; 2001. 

Imdad A, Mayo-Wilson E, Haykal MR, Regan A, 

Sidhu J, Smith A, Bhutta ZA. (2022). Vitamin 

A supplementation for preventing morbidity 

and mortality in children from six months to 

five years of age. Cochrane database of system-

atic reviews, (3).  

Jastrebova J, Witthöft C, Grahn A, Svensson U, Jä-

gerstad M. (2003). HPLC determination of fo-

lates in raw and processed beetroots. Food 

Chemistry, 80(4), 579-588.  

Kassebaum NJ, Jasrasaria R. Naghavi M. (2014). A 

systematic analysis of global anemia burden 

from 1990 to 2010. Blood 123: 615-624. 

Khan NC, Ninh NX, Nhien NV, Khoi HH, West CE, 

Hautvast JG. (2007). Sub clinical vitamin A 

deficiency and anemia among Vietnamese chil-

dren less than five years of age. Asia Pacific 

Journal of Clinical Nutrition, 16(1), 152-157.   

Khor GL. (2005). Micronutrient status and interven-

tion programs in Malaysia. Food and Nutrition 

Bulletin, 26(2_suppl2), S281-S285.   

Ladipo OA. (2000). Nutrition in pregnancy: mineral 

and vitamin supplements. The American jour-

nal of clinical nutrition, 72(1), 280S-290S.   

Latham MC. (1997) Human Nutrition in the 

Developing World. Food and Agriculture 

Organization of the United Nations, Rome, 

Italy. 

Mielech A, Puścion-Jakubik A, Markiewicz-

Żukowska R, Socha K. (2020). Vitamins in 

Alzheimer’s disease—Review of the latest re-

ports. Nutrients, 12(11), 3458.  (Mielech  et al., 

2020. 

Mokhtar SM, Ibrahim IMA. (2020). Physicochemi-

cal, antioxidant and sensorial properties of pas-

teurized guava nectar incorporated with pome-

granate peel and guava leaf extracts. World J 

Food Sci Technol, 4(1), 8-16.   

O'Byrne SM, Blaner WS. (2013). Retinol and retinyl 

esters: biochemistry and physiology: thematic 

review series: fat-soluble vitamins: vitamin A. 

Journal of lipid research, 54(7), 1731-1743.   

135 Production of Beverages with Nutritional Value for Some Sensitive Groups  

Food Technology Research Journal, Vol. 5, issue 2, 123-137, 2024 



Osorio-Esquivel, O.A., Lvarez, V.B., Dorantes, A., 

Lvarez, L., Giusti, M.M. (2011). Phenolics, beta-

cyanins and antioxidant activity in Opuntia jo-

conostle fruits. Food Res Int 44:2160–2168.  

Panth, M., Shatrugna, V., Yasodhara, P., Sivakumar, 

B. (1990). Effect of vitamin A supplementation 

on haemoglobin and vitamin A levels during 

pregnancy. British Journal of Nutrition, 64(2), 

351-358.   

Ramakrishnan, U., Manjrekar, R., Rivera, J., Gonzá-

les-Cossío, T., Martorell, R. (1999). Micronutri-

ents and pregnancy outcome: a review of the 

literature. Nutrition research, 19(1), 103-159.   

Ranganna, S. (2009). Handbook of Analysis and 

Quality Control for Fruit and Vegetable Prod-

ucts. New Delhi: Tata McGraw Hill, pub. Co. 

Ltd. pp. 1112.  

Ranganna, S. (2010). Hand book of analysis and 

quality control for fruit and vegetable products. 

McGraw-Hill, New Delhi.  

 Rush, D. (2000). Nutrition and maternal mortality 

in the developing world. The American journal 

of clinical nutrition, 72(1), 212S-240S.   

Semba, R.D., Muhilal, M.P.H., West, J.R., KP 

Winget, M., Natadisastra, G., Scott, A.,  Sommer 

A. (1992). Impact of vitamin A supplementation 

on hematological indicators of iron metabolism 

and protein status in children. Nutrition Re-

search, 12(4-5), 469-478.   

Semba, R.D., Bloem, M.W. (2002). The anemia of 

vitamin A deficiency: epidemiology and patho-

genesis. European journal of clinical nutrition, 

56(4), 271-281.   

Sharma, H.K., Kaur, J., Sarkar, B.C., Singh, C., 

Singh, B. (2009). Effect of pretreatment condi-

tions on physicochemical parameters of carrot 

juice. International Journal of Food Science & 

Technology, 44(1), 1-9.   

Sharma, R., Choudhary, R., Thakur, N.S., Thakur, 

A. (2019). Development and quality of apple-

whey based herbal functional ready-to-serve 

beverage. Journal of Applied and Natural Sci-

ence, 11(2), 291-298.   

Silva, N.K.V., Sabino, L.B.D., de Oliveira, L.S., 

Torres, L.B.D., de Sousa, P.H.M. (2016). Effect 

of food additives on the antioxidant properties 

and microbiological quality of red guava juice. 

Revista Ciência Agronômica, 47, 77-85.  

Sommer, A., Vyas, K.S. (2012). A global clinical 

view on vitamin A and carotenoids. The Ameri-

can journal of clinical nutrition, 96(5), 1204S-

1206S.   

Sommer, A. (2008). Vitamin A deficiency and clini-

cal disease: an historical overview. The Journal 

of nutrition, 138(10), 1835-1839.   

Souganidis, E., Laillou, A., Leyvraz, M., Moench-

Pfanner, R. (2013). A comparison of retinyl pal-

mitate and red palm oil β-carotene as strategies 

to address vitamin A deficiency. Nutrients, 5(8), 

3257-3271.   

Strobel, M., Tinz, J., Biesalski, H.K. (2007). The 

importance of β-carotene as a source of vitamin 

A with special regard to pregnant and breast-

feeding women. European journal of nutrition, 

46, 1-20.  

Suharno, D., Karyadi, D., West, C.E., Hautvast, J.G. 

(1993). Supplementation with vitamin A and 

iron for nutritional anaemia in pregnant women 

in West Java, Indonesia. The lancet, 342(8883), 

1325-1328.   

Sun, L., Lee, D.E.M., Tan, W.J.K., Ranawana, D.V., 

Quek, Y.C.R., Goh, H.J., Henry, C.J. (2015). 

Glycaemic index and glycaemic load of selected 

popular foods consumed in Southeast Asia. Brit-

ish Journal of Nutrition, 113(5), 843-848.   

UNICEF, Vitamin A. January webpage. https://

data.unicef.org/topic/nutrition/vitamin-a-deficie 

ncy/. Accessed 2024.  

 van den Broek, N.R., Letsky, E.A. (2000). Etiology 

of anemia in pregnancy in south Malawi. The 

American journal of clinical nutrition, 72(1), 

247S-256S.   

WHO (World Health Organization). (2008). World-

wide prevalence of anaemia 1993-2005: WHO 

global database on anaemia.   

Wieringa, F.T., Dahl, M., Chamnan, C., Poirot, E., 

Kuong, K., Sophonneary, P., Laillou, A. (2016). 

The high prevalence of anemia in Cambodian 

children and women cannot be satisfactorily   

explained by nutritional deficiencies or            

136 Production of Beverages with Nutritional Value for Some Sensitive Groups  

Food Technology Research Journal, Vol. 5, issue 2, 123-137, 2024 



         hemoglobin disorders. Nutrients, 8(6), 348.    

Wu, F., Wesseler, J., Zilberman, D., Russell, R.M., 

Chen, C., Dubock, A.C. (2021). Allow golden 

rice to save lives. Proceedings of the National 

Academy of Sciences, 118(51), e2120901118.   

Zhao, T., Liu, S., Zhang, R., Zhao, Z., Yu, H., Pu, 

L., Han, L. (2022). Global burden of vitamin A 

deficiency in 204 countries and territories from 

1990–2019. Nutrients, 14(5), 950.  

137 Production of Beverages with Nutritional Value for Some Sensitive Groups  

Food Technology Research Journal, Vol. 5, issue 2, 123-137, 2024 

Published under CC BY 4.0 – reuse permitted with attribution. https://creativecommons.org/licenses/by/4.0 


