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Abstract 
The objective of this study was to evaluate and compare the preference of chocolate milk products 
sweetened with sucrose and stevia by pre- and post-menopausal women and to examine their 
concerns about bone health. Women panelists were divided into two groups according to age: pre- 
menopausal (from 18 to 47 years old) and post-menopausal (over 48 years old) and answered the 
frequency of white and chocolate milk consumption during a week and their concerns about bone 
health. For preference, five kinds of chocolate milk were used: 1) Non Sucrose Added [NSA] with 
stevia and NutraFlora®, 2) NSA with stevia, 3) with sucrose and stevia, 4) with sucrose, stevia, and 
NutraFlora®, and 5) control with sucrose. The results showed that both groups (pre- and post- 
menopausal women) prefer chocolate milk to white milk. Pre-menopausal women prefer the 
chocolate milk with NSA stevia and NutraFlora®, while post-menopausal women prefer the choco-
late milk NSA with stevia without NutraFlora®. For comparisons between chocolate milk with su-
crose and stevia vs. chocolate milk with sucrose and stevia and NutraFlora® and chocolate milk 
with sucrose vs. chocolate milk with sucrose and stevia, there were no visible differences between 
pre- and post-menopausal women. Both groups were concerned about bone health, fiber, and cal-
ories, and their concerns about which influenced their milk choices. Pre-menopausal women 
showed a greater positive impact on milk choice when being informed the amount of fibers in the 
sample than post-menopausal women. Therefore, this study suggests that milk sweetened with 
stevia needs to be produced as calcium resources without increasing calories. 
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1. Introduction 
Menopause begins between the ages of 45 - 55 for most women, when estrogen and progesterone levels de-
crease. Good nutrition plays significant roles in the health and quality of life of pre- and post-menopausal wom-
en. It is generally agreed that post-menopausal women should get enough vitamin, calcium, and fiber but reduce 
fat and calorie consumption. Milk is an excellent source of dietary calcium because it has a high concentration 
of calcium and the calcium in milk is excellently absorbed [1]. Milk, yogurt, and cheese are rich natural sources 
of calcium and are the major food contributors of this nutrient to people in the United States [2]. 

A study has indicated a late age-related decrease in calcium absorption in post-menopausal women in addition 
to the decline that occurs at menopause [3]. Post-menopausal women are calcium deficient and have increased 
bone turnover [4]. According to Recommended Dietary Allowances (RDAs), woman aged between 19 and 50 
years should have about 1000 mg of calcium per day and women aged over 50 years should consume 1200 mg 
of calcium each day [2]. However the majority of women older than forty consume less than 600 mg/day in the 
United States [5]. 

Hess et al. [6] related that novel functional fibers are increasingly used in food processing and effectively in-
crease the fiber content of traditionally non-fibrous foods. Short-chain fructooligosaccharides (scFOS) is one 
such form of non-viscous, soluble fiber produced from sucrose via an enzymatic process. Chain length influ-
ences the texture and sweetness of this fiber type—the shorter the chain length, the sweeter the taste; therefore, 
scFOS frequently are used as sweetening agents. 

Hess et al. [6] cited that fiber may increase satiety. Satiety effects also may be linked to colonic fermentation. 
Short-chain fructooligosaccharides (scFOS) are fermentable fibers that can be added to foods to influence these 
actions. Tahiri et al. [7] described that scFOSs may be more beneficial to calcium absorption in women who are 
in late menopause and investigated the long-term effect of a moderate daily dose (10 g) of scFOSs on intestinal 
calcium absorption in 12 post-menopausal women and suggest that scFOS may influence calcium absorption in 
the late post-menopausal phase. Van den Heuvel et al. [8] observed a positive effect of lactulose in women who 
had been going through menopause for >5 years. 

Tranquilli et al. [9] suggest that adequate nutritional recommendations and supplements should be given be-
fore the menopause. While nutritional factors associate bone health in post-menopausal women, dietary supple-
mentation may be indicated for the prophylaxis of osteoporosis. The USDA guidelines recommend 3 cups per 
day of fat-free or low-fat milk and milk products for adults [10]. Moreover, the guidelines suggest that added 
fats or sugars are best used to increase the palatability of nutrient dense foods, and list fat-free chocolate milk as 
an example. 

Liking for sucrose (and for sweets in general) declined with age, with women showing more rapid decline [11]. 
A study has indicated a late age-related decrease in calcium absorption in post-menopausal women in addition 

to the decline that occurs at menopause [3]. Post-menopausal women are calcium deficient and have increased 
bone turnover [4]. 

Willett et al. [12] conducted an 8-year follow-up study with 88,751 women 34 to 59 years of age and found 
protective effect of dietary fiber. Specifically, this study provided evidences about adverse influence of fat in-
take and a protective effect of fiber consumption in middle-aged women on breast cancer incidence. 

It is important for menopausal women to follow dietary guidelines. The American Dietetic Association sug-
gests that women in their mid to late forties and older consume 200 calories less than they would normally con-
sume to maintain their weight. Replacing sucrose with sweeteners in flavored milk can largely reduce calories 
content in milk [13]. There is a growing interest in low-calorie alternatives to sucrose and recent publications 
have shown a strong increase in the attention to extracts of the Stevia rebaudiana plant for its sweetening quali-
ties [14]. 

Stevia component rebaudioside A has the most sweetness and the least off-tastes to human raters [15]. Rebia-
na is the common name for high-purity rebaudioside A, a natural non-calorie sweetener 200 - 300 times more 
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potent than sucrose. It provides zero calories and has a clean, sweet taste with no significant undesirable taste 
characteristics [16]. 

Stevia leaves have functional and sensory properties superior to those of many other high-potency sweeteners, 
and are likely to become a major source of high-potency sweetener for the growing natural food market in the 
future [17]. Stevia is stable at the high temperatures and in aqueous solutions, and has no energy value [18]. 

Sucrose-sweetened beverages have recently received great attention in the field of diet-disease relations [19]. 
Therefore, substituting sucrose with low-calorie sweeteners may be an efficacious weight management strategy. 
And also the low-calorie flavored milk product will help increase milk consumption and calcium intake in pre- 
and post-menopausal women. The objective of this study was to evaluate the preference of chocolate milks 
sweetened with sucrose and stevia for pre- and post-menopausal women and to verify their concerns about bone 
health, especially for fiber, and calories of the intention to purchase milk. 

2. Materials and Methods 
2.1. Chocolate Milk 
Treatments comprised five types of chocolate milk produced by Ingredion IncorporatedTM. The ingredients and 
nutritional information of chocolate milk samples are described in Table 1. 

Four samples contain stevia—the sweetener high-intensity Enliten®, which is a naturally low-calorie swee-
tener, obtained from the plant Stevia rebaudiana (Bert.) Bertoniand two samples contain NutraFlora® (scFOS®) 
prebiotic fiber. 

2.2. Participants 
This study was conducted in PSU Center for Food Innovation (CFI). Panelists were recruited using the Survey-
gizmo and selected according to age and gender. Woman panelists were divided into two groups: pre-meno- 
pausal (from 18 to 47 years old) and post-menopausal (over 48 years old). A total of 300 panelists visited the 
sensory laboratory to evaluate products five milk. 

2.3. Sensory Analysis 
The panelists answered the frequency of white and chocolate-added milk consumption during a week. Each pa-
nelist received approximately 2 oz. of each sample at 40˚F in a disposable into clear plastic cups numbered with 
3-digit random codes. For preference, the milks were served in pairs, and the panelists indicated the preferred 
sample: 
• (A) Non Sucrose Added [NSA] with stevia and NutraFlora® vs. (B) NSA with stevia. 
• (C) with sucrose and stevia vs. (D) with sucrose, stevia, and NutraFlora®. 
• (E) Control sucrose vs. (C) with sucrose and stevia. 

Results were analyzed using Compusense® Five software (Guelph, Ontario, Canada). Analysis of variance 
(ANOVA) was used to compare mean scores of each chocolate milk. This study was approved by the Institu- 
 
Table 1. Nutritional information of five chocolate milks.                                                        

Chocolate Milk 

 NSA with Stevia and 
NutraFlora® 

NSA 
with Stevia 

With Sucrose and 
Stevia 

Sucrose and 
Stevia and NutraFlora® 

Control 
(Sucrose) 

 A B C D E 
Enliten® (%) 0.0247 0.0247 0.015 0.015 0 

NutraFlora® (%) 1.4 0 0 1.4 0 
Calories* 90 90 110 120 110 

Protein (g)* 8 8 8 8 8 
Calcium (mg)*1 300 300 300 300 300 

Carbohydrate Total (g)* 17 14 21 24 21 
Fiber Dietetic (g)* 4 1 1 4 1 

Fat (g)* 0.5 0.5 0.5 0.5 0.5 
*Amount per serving 8 oz. (238 g); 1The daily value, the recommended daily intake of a nutrient, for calcium is 1000 mg. 
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tional Review Board at a large Northeastern University. 

2.4. Questionnaires 
Also, they were asked about concerns: 1) on bone health: if one sample was proven to produce good bone health 
and the other had no health claim, would this influence their choice? 2) Fiber: if one sample was labeled as a 
good source of fiber and the other had no health claim, would this influence their choice? 3) Calories: if one 
sample has more less calories and the other sample has less calories, would this influence their choice? 

3. Results and Discussion 
3.1. Sensory Analysis 
The results in Table 2 showed that both groups of women (pre- and post-menopausal) prefer chocolate milk to 
white milk, which supports that chocolate is the most popular milk flavor and represents a popular option among 
children and adults [20]. Then flavor is an important sensory attribute that interferes in preference for this kind 
of milk. 

Results showed that more than 50% of pre-menopausal women consume white milk at least once in a week 
(Table 3). The post-menopausal group has more frequent consumption of milk since both white and chocolate 
milk are consumed three times a week. It was found that for frequency four or more the percentage is much 
higher for the white milk for the two groups. 

Javoor [21] showed that women from post menopause group stages consumed milk daily. About half the 
pre-menopausal women consumed occasionally and only 15 percent consumed weekly whereas 35 percent of 
women did not consume at all. 

Table 4 describes preference percentage of pre- and post-menopausal women for chocolate milk with differ-
ent sweeteners. The comparison result for chocolate milk NSA with stevia and NutraFlora®: 1) vs. chocolate 
milk NSA with stevia; 2) showed that pre-menopausal women prefer the milk with NutraFlora®, while post- 
menopausal women prefer the milk without NutraFlora®. In summing of the two groups was found that the milk 
chocolate NSA with stevia and NutraFlora® has been most accepted. Hess et al. [6] related that scFOS chain 
length influences the texture and sweetness of this fiber type the shorter the chain length, the sweeter the taste; 
therefore, scFOS frequently are used as sweetening agents. 

Post-menopausal women mentioned more positive comments about flavor on chocolate milk NSA with stevia. 
On the other hand, pre-menopausal women showed quite opposite preference with more improvement on texture. 

For comparison between chocolate milk with sucrose and stevia (C) vs. chocolate milk with sucrose and ste-
via and NutraFlora® (D), there was no visible difference between pre- and post-menopausal women. The posi- 
 
Table 2. Pre- and post-menopausal women groupsliking rate for white and chocolate milk.                              

Milk  Women 
  Pre-Menopausal (n = 174) Post-Menopausal (n = 126) n (%) 

White 
Yes 130 (74.7) 103 (81.7) 
No 44 (25.3) 23 (18.3) 

Chocolate 
Yes 173 (94.4) 126 (100.0) 
No 1 (5.6) 0 (0.0) 

 
Table 3. Consumptionfrequency of white and chocolate milk by pre- and post-menopausal women groups.                 

 White milk n (%) Chocolate milk n (%) 
Frequency consumption (days per week) Pre-menopausal Post-menopausal Pre-menopausal Post-menopausal 

0 26 (14.9) 13 (10.2) 24 (13.8) 12 (9.5) 
1 54 (31.1) 16 (13.0) 99 (56.9) 44 (34.9) 
2 25 (14.4) 14 (11.1) 34 (19.5) 24 (19.1) 
3 11 (6.3) 33 (26.1) 16 (9.2) 36 (28.6) 

More 4 58 (33.3) 50 (39.6) 1 (0.6) 10 (7.9) 
(n) 174 126 174 126 
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Table 4. Preference percentagefor chocolate milk by pre- and post-menopausal women.                                

Women Chocolate Milk n (%) 
 NSA with Stevia and NutraFlora® NSA with Stevia 
 A B 

Pre (n = 60) 39 (65.0) 21 (35.0) 
Post (n = 40) 16 (40.0) 24 (60.0) 

 Sucrose and Stevia Sucrose, Stevia and NutraFlora® 
 C D 

Pre (n = 51) 26 (51.0) 25 (49.0) 
Post (n = 49) 20 (40.8) 29 (59.2) 

 Control-Sucrose Sucrose and Stevia 
 E C 

Pre (n = 63) 23 (36.5) 40 (63.5) 
Post (n = 37) 15 (40.5) 22 (59.5) 

 
tive comments which most stood out in both sample were chocolate flavor and texture in sample with sucrose, 
stevia and NutraFlora® (D). Studies about the satiating capacity of dairy products showed that texture is an im-
portant factor [22]. 

Observed when the added number of women independent of age with milk. The sample with sucrose, stevia 
and NutraFlora® obtained larger preference. 

Milk products using stevia powder were highly acceptable up to 25 mg and are low in calories as compared to 
the basic recipe which makes them suitable for consumption by diabetics [23]. 

For comparison between chocolate milk control with sucrose (E) vs. chocolate milk with sucrose and stevia 
(C), there was also no visible difference between pre- and post-menopausal women. The result showed that both 
groups apparently prefer the milk with stevia based on more positive comments and opinions for improvements 
as sweetness. Despite the study of Bartoshuk et al. [11] indicated the sweetness of the candy did not change with 
age, sweetness ratings were more variable for women of child-bearing age than for same-aged men. Moreover, 
taste is an important attribute that influences healthy product purchase, as related by Bogue & Troy [24]. 

3.2. Questionnaires 
When it was presented a sample that was proven to produce good bone health the answer indicated that this 
could influence the choice of both groups, since the results were similar (Table 5). However, pre-menopausal 
group had higher percentage of negative responses about influence of choice while the post-menopausal group 
had more positive responses. Sandler et al. [25] indicated that the effects of milk consumption in childhood and 
adolescence on bone density may manifest as higher bone density decades later in menopause. 

For pre- and post-menopausal group, the responses indicated a greater positive influence when informed a 
good source of fibers in the sample (Table 6). Studies described by Bogue & Troy [24] showed the evident that 
more frequent fiber consumption increased with age and the whole, participants had a positive opinion of fiber 
and fiber rich foods. They believed that the consumption of fiber provided them with various health benefits. 
Dourisseau et al. [26] described that the willingness of fiber consumption is even lower in a group of obese 
women aged 16 - 55 years old and low-income. 

Both women groups have similar concern about calories (Table 7). Stevia is inexpensive and available to 
most consumers; thus, it has the potential to be widely used and may assist individuals in regulating their weight 
if it has a positive effect on caloric substitution [27]. 

4. Conclusions 
It is important for menopausal women to consume enough calcium, fiber and limited fat. Milk is a good source 
of calcium, but, can be a source of calorie as well. One more concern is that women prefer chocolate milk, 
which contain higher calorie than white milk. Thus, chocolate milk with low calorie would be a desirable item 
for menopausal women. If chocolate milk contains fiber as well, it would be most desirable. This study devel 
oped ideas for using types of sweeteners that contain low calorie and fiber. Thus, this study examined accep-
tance of chocolate milk with sweetener by women. 

The result of this study showed that both groups (pre- and post-menopausal women) prefer chocolate milk to 
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Table 5. Pre- and post-menopausal women’s concerns for bone health.                                              

Answers Pre-Menopausal n (%) Post-Menopausal n (%) 
Yes 129 (74.1) 99 (78.6) 
No 36 (20.7) 15 (11.9) 

I’m Not Sure 9 (5.2) 12 (9.5) 
(n) 174 126 

Question: “if one sample was proven to produce good bone health and the other had no health claim, would this influence their choice?”. 
 
Table 6. Pre- and post-menopausal women’s concerns for fiber.                                                  

Answers Pre-Menopausal n (%) Post-Menopausal n (%) 
Yes 124 (71.3) 79 (62.7) 
No 38 (21.8) 12 (26.2) 

I’m Not Sure 12 (6.9) 4 (11.1) 
(n) 174 126 

Question: “if one sample was labeled as a good source of fiber and the other had no health claim, would this influence their choice?”. 
 
Table 7. Pre- and post-menopausal women’s concerns for calories.                                                 

Answers Pre-Menopausal n (%) Post-Menopausal n (%) 
Yes 108 (62.1) 80 (63.5) 
No 51 (29.3) 37 (29.4) 

I’m Not Sure 15 (8.6) 9 (7.1) 
(n) 174 126 

Question: “if one sample has more calories and the other sample has less calories, would this influence their choice?”. 
 
white milk. Pre-menopausal women prefer chocolate milk NSA with stevia and NutraFlora®, which contain 
fewer calories than other milk products with sucrose, and post-menopausal women prefer the chocolate milk 
NSA with stevia without NutraFlora®, containing the lowest calorie among five products. When selecting milk 
products, both groups tended to be influenced by whether or not products are good sources of fiber and calcium. 
In addition, evidence on good bone health of milk also influenced their milk choice. Thus, the overall results 
showed that women, regardless of pre- or post-menopausal, consider calories and bone health when choosing 
milk. Milk with sweetener, especially NutraFlora supplying fiber, may satisfy all women’s concerns. The dairy 
industry can be tight in increasing fiber and calcium, and in decreasing calorie by using NutraFlora. This study 
suggests that milk with sweetener needs to be produced in order to solve concerns about calories and to increase 
milk consumption. Also, such milk items will give more functionality as sources of calcium and fiber. 
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