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Background: Sheep milk (SM) is a possible alternate dairy source for those who experience digestive symptoms with cow milk (CM). While both the milks contain lactose, one of the causes for self-reported intolerance to CM, the composition of SM and CM also differs across proteins and fats, which have been shown to impact digestive processes.

Objective: To compare the acute digestive comfort and lactose malabsorption of SM to CM in female dairy avoiders.

Method: In a double-blinded, randomized cross over trial, 30 dairy-avoiding females (aged 20–30 years) drank 650 mL of SM or CM (each reconstituted from spray dried powder) following an overnight fast, on two separate occasions at least 1 week apart. Blood samples were collected for glucose and insulin assessment, and single nucleotide polymorphisms of the lactase (LCT) gene (C/T13910 and G/A22018). Breath H2 and visual analog scale (VAS) digestive symptom scores were recorded at fasting and regular intervals over 4 h after ingestion.

Results: Eighty percentage of study participants were lactase non-persistent (LNP; CC13910 and GG22018 genotype). Digestive symptoms, including abdominal cramps, distension, rumbling, bloating, belching, diarrhea, flatulence, vomiting, and nausea, were similar in response to SM and CM ingestion (milk × time, P > 0.05). Breath H2 was greater after CM than SM (72 ± 10 vs. 43 ± 6 ppm at 240 min, P < 0.001), which may be due to greater lactose content in CM (33 vs. 25 g). Accordingly, when corrected for the lactose content breath H2 did not differ between the two milks. The response remained similar when analyzed in the LNP subset alone (n = 20).

Conclusions: Despite a higher energy and nutrient content, SM did not increase adverse digestive symptoms after ingestion, relative to CM, although there was a reduced breath H2 response, which could be attributed to the lower lactose content in SM. The tolerability of SM should be explored in populations without lactose intolerance for whom underlying trigger for intolerance is unknown.
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INTRODUCTION

Dairy is a major source of essential nutrients including Ca (1), high quality proteins, micronutrients (K and Mg), and vitamins (riboflavin, vitamins B12, vitamin A, thiamin), in many cultures (1, 2). Complete dairy avoidance may increase the risk of nutrient insufficiency contributing to low bone mineral density, metabolic bone disease, or metabolic syndromes (3, 4). Milk intake has declined over the last few decades, especially in developed countries (5), where adverse gastrointestinal symptoms are a common reason for avoidance (6, 7). This is often attributed to the lactose in cow milk (CM) (8), resulting in lactose malabsorption. Yet, those reporting intolerance to CM are not always diagnosed as lactose intolerant (9, 10), and more recent evidence is emerging that other milk components including the protein fraction may induce similar symptoms (8, 11). However, the majority of people who avoid dairy, do so due to self-reported perception of symptoms rather than a confirmed diagnosis of intolerance (6, 8).

CM is the predominant type of dairy consumed, dominating global milk production (12); however, non-bovine dairy sources have important traditional and cultural origins (13, 14), and are increasing in availability worldwide (15). The increasing awareness of dairy intolerances, cow's milk protein allergy and vegan dietary preferences have all influenced consumers to seek alternative milk substitutes (16). However, segments of the population with substantial nutritional requirements commonly obtained from milk, including infants, children (16), and the elderly (17), may struggle to obtain equivalent nutrient density from plant-based sources (18). Sheep milk (SM) is one alternative to CM, containing higher concentration of micronutrients (Ca and P) (19), and macronutrients (proteins and fats) compared to CM (14, 20). The lactose content in SM and CM do not differ substantially (14) though lactose content in SM may vary with season and lactation period (14, 21). The anecdotal evidence, cited by others, that non-bovine ruminant milks [e.g., goat (22) and sheep (23)] may be better tolerated compared to CM currently lacks clinical evidence.

The compositional along with physiochemical variation between CM and SM may contribute to differences in milk digestion between CM and SM (12, 14, 24, 25). In addition to the higher protein content in SM, the constituent proteins differ between ruminant species. There is a higher β/αs-casein ratio in SM (24), compared to CM. This influences the casein micelle formation with higher mineralization and diameter (14) and lower hydration and colloidal stability, resulting in faster coagulation (24), in SM relative to CM. The coagulation of milk has been shown to delay gastric emptying (26), and may contribute to differences in digestion depending on milk composition. Additionally, SM proteins (including caseins) have different sequences than CM proteins (27). This may result in different peptide formation during digestion (28). These differences may have important implications for digestive comfort, as variation in β-casein peptide formation has reported impacts on gastrointestinal transit (6), and may affect lactose digestion and any resulting abdominal discomfort (29–31).

There are limited studies on SM composition and physiochemical properties compared to extensive studies in CM (24). As yet no studies have reported how these differences impact self-reported digestive comfort and lactose malabsorption, particularly in dairy avoiders. Thus, this study aimed to compare the digestive comfort and lactose malabsorption responses to SM in dairy avoiders relative to CM. Due to the compositional and physicochemical differences between SM and CM, we hypothesized that SM would be tolerated better and digested more easily than CM in dairy avoiders including those with lactose intolerance.



METHODS


Study Design

We conducted a double-blinded, cross over randomized control trial at the Liggins Institute, The University of Auckland between July and November 2018. The primary outcome of the study is reported elsewhere (32). The study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the New Zealand Health and Disability Ethics Committees (Reference no. 18/NTB/92). The trial was prospectively registered with the Australian New Zealand Clinical Trials Registry (ACTRN12618001030268). Written informed consent was obtained from eligible participants prior to the study commencement.

A total of 32 healthy young women aged 20–40 years with BMI 18–28 kg/m2 were recruited using digital and printed advertisements. Two subjects withdrew prior to the completion of the study and were excluded from further analyses (Supplementary Figure 1). All participants self-reported dairy avoidance. Subjects with known dairy allergy, current or history of gastrointestinal, cardiovascular, or metabolic disease, consuming medications expected to interfere with normal digestive and metabolic processes like proton pump inhibitors, antibiotics, or prebiotics (3 months prior to the study) were not eligible.



Study Procedures

Eligible participants were randomized to consume 650 mL of either SM or CM on two occasions at least 1 week apart. Randomization sequences were computer generated using www.randomizer.org. Both participants and investigators were blinded to the treatment identity and allocation was implemented through sealed envelopes.

Prior to the clinical visits, demographic information was collected, including irritable bowel syndrome (IBS) classification, objectively assessed using Rome III criteria (33). One day prior to the visits, subjects were advised to abstain from vigorous physical exercise, avoid dairy and fiber rich food, and were provided with a standardized low fat, low dietary fiber dinner after which they were to remain fasted from 10.00 p.m.

Upon arrival, fasting breath samples were collected and gastrointestinal symptomology was recorded using a visual analog scale (VAS). A venous cannula was inserted to collect fasting blood samples. Subjects then consumed 650 mL of milk within 10 min and were asked to report their liking and perceived identity of each milk. Following milk ingestion, breath samples were collected every 15 min until 2 h and hourly until 4 h, whereas gastrointestinal symptoms and blood samples were collected every 30 min until 2 h and hourly thereafter until 4 h.



Digestive Symptoms and Likeability (Visual Analog Scale)

The severity of the subjective digestive symptoms was scored on a 100 mm VAS, with 0 mm corresponding to “no symptoms” and 100 mm corresponding to the “the most severe symptoms imaginable.” The sum of scores for abdominal cramps, rumbling, diarrhea, flatulence, and vomiting >70 out of 500 was indicative of lactose intolerance (34). The other symptoms recorded included abdominal distension, bloating, belching, fecal urgency, digestive comfort, gastric reflux, and nausea.

The likeability of the milk was assessed on a hedonic VAS scale, including taste, aftertaste, smell, visual appeal, and palatability, with “0” mm corresponding to “good” and 100 mm corresponding to “bad.”



Breath Hydrogen Analyses

AlveoSampler Breath Test Kits were used to collect the breath samples which were then analyzed using a BreathTracker H2+ (Quintron, Milwaukee, WI, USA). Data were recorded as CO2 corrected H2 concentrations (ppm) as a measure of lactose malabsorption.



Glucose and Insulin Analyses

Venous blood was collected in EDTA vacutainers (Becton Dickinson & Company, Mount Wellington, New Zealand), and plasma was removed after centrifugation at 2,000 × g for 15 min at 4°C and frozen at −20°C prior to analyses. Plasma glucose and insulin were measured using a Cobas c311 clinical chemistry analyzer (Roche Diagnostics, Manheim, Germany) and Cobas e411 immunoassay analyzer (Roche Diagnostics, Manheim, Germany), respectively.



Milk Treatments

CM powder was sourced from NZMP (New Zealand Milk Products, Fonterra Co-Operative Group, Auckland, New Zealand). SM powder was sourced from Blue River Dairy (batch no. F2125/HC08) and Spring Sheep Milk Company (batch no. MAN: NOV17-JAN18). Prior to weighing and reconstitution, the SM powders were mixed in a 1:1 ratio. All powders were stored at −20°C until use. The reconstituted SM had higher concentrations of proteins, total solids, total energy, and fats but lower lactose than CM (Table 1). The compositional analyses of the milk were performed by a MilkoScan FT1 (FOSS, Denmark) analyzer using the default milk mosaic software. Additional details of milk composition and analyses are described elsewhere (32).


Table 1. Composition of sheep and cow milk (650 mL).
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Spray dried milk powder was reconstituted in water on the day prior to the clinical visit. Pre-weighed portions of CM powder (81 g) or SM powder (98 g) were reconstituted in 585 mL of filtered water heated at 30°C to make a final volume of 650 mL, shaken well and stored at 4°C overnight. The milks were served chilled in a transparent plastic bottle. The reconstitution was performed to match the typical solid content of each milk, with SM having higher solid content than CM.

The volume of 650 mL was chosen to exceed the volume of milk (250 mL) reported to be well-tolerated by those with lactose intolerance (35). This volume is similar to what has been used previously (30, 36–38) to evoke symptoms of digestive discomfort, while providing an appropriate quantity of protein and fat for assessment of the primary and secondary outcomes of the trial (32).



Lactase Persistence Genotyping

Lactase persistence and lactase non-persistence (LNP) in the study participants was determined using the iPlEX assay and MassARRAY® System (Agena Bioscience, SanDiego, USA) by Grafton Clinical Genomics (GCG, Auckland, New Zealand). Peripheral blood mononuclear cells (PBMCs) were isolated immediately from fasted whole blood collected in EDTA-containing blood collection tubes using a histopaque solution (Sigma- Aldrich, St. Louis, MO, USA) as previously described (39). The samples were stored at −80°C until DNA was extracted. All prep DNA/RNA mini kit (Qiagen, Hilden, Germany) was used to isolate genomic DNA from PBMCs as per the manufacturer's protocol.



Subset Analyses

Breath H2 and sum of symptoms (abdominal cramps, rumbling, diarrhea, flatulence, and vomiting) for lactose intolerance were also analyzed separately in the LNP subset as these individuals are more susceptible to lactose malabsorption and associated symptoms.



Statistical Analyses

A sample size of 30 was calculated for the primary outcome as described elsewhere (32). However, to provide an 80% power with alpha set at 5%, based on previously provided mean for nausea (8 mm vs. 15 mm) and a standard deviation of 9 mm, 26 subjects would be required (30). The impact of variation in milk composition on digestive symptoms has been previously reported acutely in the context of β-casein variants (30).

Individuals with fasting breath H2 above 25 ppm were excluded for breath H2 analyses and treated as outliers, as this is identified as the threshold for malabsorption of carbohydrates, and impacts the results of standardized breath hydrogen tests (40). Although best practice for hydrogen breath tests would require rescheduling the test (41), this was not provisioned for in the protocol as lactose malabsorption was a secondary outcome. The primary outcome was to compare the rate of digestibility of the proteins (32) which was not dependent on fasting breath H2 below 25 ppm. Values missing completely at random were estimated using multiple imputations as the mean of 5 iterations. The incremental area under the curve (iAUC) was calculated using the trapezoidal method, correcting for baseline concentration. As lactose dose has been shown to affect breath H2 concentrations (36, 42, 43), and given the difference in lactose content between the two milks, an adjusted breath H2 concentration and iAUC were further calculated and analyzed accordingly to match the lactose content.

iAUC and hedonic likeability were analyzed between the two milks using Student's paired t-test. Frequency for identification of milk (CM or SM) was analyzed using Pearson's chi-square test (χ2). Other outcomes with multiple factors were compared using repeated measures general linear model with milk and time compared within-subject; multiple comparisons were corrected using Sidak adjustment. Alpha was set at P < 0.05 for all tests. All statistical analyses were performed using SPSS version 25 (SPSS, IBM Corporation, Armonk, NY, USA).




RESULTS


Demographics

Thirty female participants aged 24.3 ± 1.3 years completed the study with anthropometric and biochemical values within a normal range. Participants self-identified as Caucasian (30%), Asian (37%), and South Asian (33%), with 40% being classified as IBS based on Rome III criteria. Based on lactase genotyping, 80% of the participants were LNP (CC13910 and GG22018) and only 20% were LP (CT13910 or TT13910 and GA22018 or AA22018) (Table 2). Four LNP subjects and one LP subject had a fasting breath H2 > 25 ppm and were excluded from malabsorption analyses.


Table 2. Baseline characteristics (n = 30).
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Milk Likeability and Identification

The frequency of identification reporting indicated that subjects were more likely to perceive CM as CM (n = 19) and SM as SM (n = 21) (P = 0.010, χ2). There was no difference in the reported liking between SM and CM for taste, smell, palatability, aftertaste, and visual appeal (P > 0.05 each, respectively; Supplementary Table 1).



Digestive Symptoms in Response to SM and CM

There were no differences in the severity of lactose malabsorption associated subjective abdominal symptoms (sum of abdominal rumbling, cramping, flatulence, diarrhea, and vomiting) reported between the two milk types (n = 30; milk × time interaction, P = 0.916). Likewise, the iAUC did not differ between milks (P = 0.559). Regardless of milk type, individuals experienced an increase in lactose malabsorption associated symptoms following milk ingestion (main time effect, P < 0.001; Figure 1). Likewise, independent subjective digestive symptoms, including abdominal cramps, rumbling, bloating, belching, flatulence, fecal urgency, diarrhea, nausea, and vomiting, did not differ between milks (milk and time × milk interaction, P > 0.05 each, respectively; Supplementary Figure 2) but these symptoms increased following ingestion of either milk (main time effect, P < 0.001). No adverse events of vomiting were reported. Gastric reflux was not different from baseline for either milk (main time effect, P = 0.305).


[image: Figure 1]
FIGURE 1. Subjective VAS scores (sum of abdominal cramps, abdominal rumbling, flatulence, diarrhea, and vomiting) (A) at multiple timepoints and (B) 4-h incremental area under the curve (iAUC) following cow milk and sheep milk ingestion (n = 30). Values are presented as means ± SEM. Data for multiple time points were compared using repeated general liner model with milk and time compared within-subject and iAUC was compared using Student's paired t-test. There was no milk × time interaction, P = 0.916 and iAUC, P = 0.559. There was a significant time effect (A), P < 0.001. #denotes indicated time points were significantly different from baseline.




Lactose Malabsorption

Regardless of milk type, breath H2 increased postprandially (n = 25; main time effect, P < 0.001) but the increment was greater after CM compared to SM (milk × time interaction, P = 0.013; P < 0.05 post-hoc comparison between CM and SM at 30, 45, 60, 75, 180, and 240 min) (Figure 2A). The AUC was also higher after CM compared to SM (n = 25; P = 0.015) (Figure 2B).
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FIGURE 2. Breath hydrogen following sheep milk and cow milk (n = 25, after removal of outliers) at multiple time points (A,C) and 4-h incremental iAUC (B,D), before (A,B) and after lactose adjustment (C,D) i.e., considering equal lactose content in both SM and CM. Values are presented as means ± SEM. Data for multiple time points (A,C) was compared by repeated measures general linear model with milk and time compared within-subject and iAUC (B,D) was compared using Students paired t-test. Prior to lactose adjustment (A,B) there was significant milk x time interaction, P = 0.013 and iAUC, P = 0.015. After lactose adjustment (C,D), there was no milk x time interaction, P = 0.069 and iAUC, P = 0.131. * denotes P < 0.05, indicated timepoints were different between the milks after post-hoc correction. and iAUC was different between the milks. There was a significant time effect (C), P < 0.001. #denotes indicated time points were significantly different from baseline.


Given the difference in lactose content between the reconstituted milks (33 g in CM vs. 25 g in SM), breath H2 was adjusted to match the lactose content. After lactose adjustment (considering the lactose content in SM was 33 g, the H2 value for SM was multiplied by 33/25 = 1.32), breath H2 did not differ between milks at any time point (milk × time interaction, P = 0.069) (Figure 2C), and the iAUC was no longer different between milks (P = 0.131) (Figure 2D). However, CM ingestion in general resulted in higher breath H2 when corrected for lactose content compared to SM (main milk effect, P < 0.001).



LNP Subset Analysis of Digestive Symptoms and Lactose Malabsorption

Given lactose malabsorption contributes to symptoms of intolerance and is highly linked to LNP status, subset analysis of symptoms and malabsorption were completed on LNP subjects. LNP subjects (n = 20) showed the same patterns of response as the total sample set. Digestive symptoms did not differ between milks (n = 24; milk × time interaction, P = 0.750; iAUC, P = 0.365) although increased with time regardless of milk type (main time effect, P < 0.001) (Supplementary Figure 3). Breath H2 was higher after CM compared to SM (n = 20; milk × time interaction, P = 0.009 and iAUC, P = 0.030) but after lactose adjustment, it did not differ (milk × time interaction, P = 0.520 and iAUC, P = 0.135; Supplementary Figure 4).



Plasma Glucose and Insulin Analyses

The plasma glucose and insulin responses did not differ between the milk types. The iAUCs for glucose after ingestion of CM compared to SM were −204 ± 21. vs. −168 ± 23 mmol·min/L, and the iAUCs for insulin were 2,400 ± 186 vs. 2,377 ± 171 μU·min/mL (P > 0.05, each, respectively).




DISCUSSION

SM is a nutritionally rich alternative to CM which may be digested differently, owing to its unique composition and physiochemical properties. Thus, this study investigated digestive comfort and lactose malabsorption following ingestion of SM compared to CM. In contrast to the hypothesis, subjective digestive symptoms did not differ between the two milks, but breath H2 was raised to a greater extent by CM than SM. While the dairy avoiders included in this study were largely LNP, indicating likely lactose intolerance, subset analysis of LNP subjects only indicated that the symptoms and lactose malabsorption responses were the same, as for the entire study group.

In these dairy avoiders, ingestion of either milk resulted in increased subjective digestive symptoms. Digestive symptoms reported after milk ingestion are influenced by several factors including compositional variations of milk [lactose (44), fats (45) and protein content (30)], intestinal transit or gastric motility (46), colonic flora (47), and visceral sensitivity (48). Higher fat (45) and energy content (49) are known to slow gastric emptying and fat specifically has been shown to increase the jejunal transit time (50). Variation in milk protein sequences [such as those between SM and CM (28)] and protein integrity [hydrolyzed or whole protein (37)], impact digestive products (28) and gastric emptying (37) or incretin responses (51). Other protein-related effects, such as those observed with A1 β-casein, have also been shown to impact lactose malabsorption and related symptoms (30), however the mechanisms for this are not clear. It is known that delayed intestinal transit of lactose is responsible for reduced malabsorption and symptoms of intolerance, as observed during pregnancy (52). Individual features like visceral hypersensitivity may also induce digestive symptoms in lactose malabsorbers (48), or the onset of the symptoms and severity may depend on the colonic bacteria and their fermentation pathways (47). Although this study did not directly assess gastrointestinal function, the similar subjective digestive symptoms between the milks suggest that in a group that is largely lactose malabsorbers, there may not be large differences.

After equal volumes, breath H2 was increased to a greater extent following CM than SM ingestion, indicating higher lactose malabsorption after CM. The present study used reconstituted powdered milk to match the solid content of fresh liquid milk which resulted in a 24% lower lactose content in SM than CM. While some studies report similar lactose content in SM and CM (14, 53), others have reported lower lactose content in SM (54), similar to the content in current study. The composition of SM varies seasonally with lower lactose content at the end of lactation (14, 21). Previous studies show that breath H2 may depend on the dose of lactose ingested (55, 56), so the H2 concentration was further adjusted to match lactose doses between milks. After the adjustment, overall breath H2 (iAUC) was not different between the two milks. It is important to note that although breath H2 may depend on the dose of lactose (55, 56), the increment may not be directly correlated (57), especially when milk is used as a substrate (58). The rise in breath H2 is influenced by factors including the complexity of the food matrix (36, 58), inter-individual variations, gut microflora (47, 59, 60), and gastrointestinal transit (46). The complex interaction of all these factors precludes calculation of compensatory adjustment of breath H2. The adjustment of breath H2 concentrations for specific substrates or doses is not a standardized practice (42), and given that lactose dosing may even require adjustment for body weight (61), may not be a straightforward calculation. Although the current study showed lower lactose malabsorption with SM, differences in lactose digestion following SM should be investigated within the upper range of lactose content naturally occurring in SM, which may be more closely matched to CM.

Dairy intolerance is mainly attributed to lactose, with characteristic symptoms of diarrhea, flatulence, abdominal rumbling, cramping, and vomiting (34, 44). Despite lower lactose content of SM resulting in lower lactose malabsorption, no impact on subjective digestive comfort was observed. This supports evidence in the literature showing that although lactose malabsorption may result in abdominal discomfort (62), the severity of digestive symptoms is not always correlated to lactose malabsorption (57). As such, lowering the lactose content in milk may improve lactose malabsorption but not tolerance. However, the majority of subjects in the current study were LNP as defined by LCT gene SNPs C/T13910 and G/A22018, and were lactose malabsorbers as reflected in their breath H2 concentrations. Most LNP individuals tolerate low doses of lactose (<12 g per serving) (44, 62) but above this dose report symptoms. As this study used a high volume of milk (650 mL), the lactose content was sufficient (>12 g) to induce symptoms in lactose intolerant individuals despite the compositional variations. However, it should be noted that such a high volume is more than twice a usual serving size of milk—this high volume of milk may have resulted in more severe symptoms than might be expected for those with sensitivity to milk. For SM with a higher nutrient density, this effect may have been greater. It is unclear whether a more usual serving size may have revealed differences in the severity of subjective symptoms between SM and CM. Indeed, the underlying intolerance explains the prevalence of symptoms associated with lactose intolerance reported following ingestion of both milks. Furthermore, these symptom and breath H2 findings remained the same when analyzed with LNP subset, highlighting that the current study is mainly reflective of lactose mediated intolerance, but may not be representative of SM tolerance with a non-lactose mediated dairy intolerance. Thus, further studies are required to determine whether individuals without lactose malabsorption experience different digestive tolerance to SM relative to CM, and whether typical serving sizes of SM are tolerated differently to CM.

Dairy intolerance has been reported to be caused by characteristics of milk other than lactose. Intolerance can occur in the absence of lactose malabsorption (30, 63) and has been attributed to sensitivity to bioactive peptides released during milk digestion (64). In this case, it may have been expected that the lack of some milk proteins, like A1 β-casein in sheep milk (27), may have contributed to less discomfort than CM, as A1 β-casein has been implicated in digestive discomfort (64). Yet, the proportion of A1 β-casein in the CM may have been less than expected, as New Zealand conventional bovine herds have been reported to produce milk with only ~22% A1 β-casein (30), and may in part explain a lack of difference in subjective symptoms. Indeed, the variety of bioactive peptides in milk, many with known links to IgE and non-IgE-mediated immune responses (65), could have contributed to symptoms in the current study. Although those with known milk allergy were excluded, no comprehensive testing of milk protein sensitivity was conducted. Differing or modification of dairy structures are known to influence digestion and resulting physiological responses (66); homogenization and pasteurization (impacting protein and fat structures), has been reported to aggravate intolerance symptoms, particularly in those with lactose malabsorption (38). Therefore, species-specific physiochemical differences independent of lactose, including density, may have influenced tolerance to SM and CM in the current study. Further, the large variability in symptom responses across subjects highlights the diverse experience of “dairy avoiders” in response to milk. This aligns with the recent description of differing symptoms traits and severity in differing types of dairy intolerance (30), and suggests that detection of differences in comparative symptoms between SM and CM may be more clear in specific subsets of dairy intolerance (e.g., not lactose intolerant) with a common pathophysiology Besides, digestive comfort and lactose malabsorption, SM provides more branched chain amino acids which may benefit individuals with increased protein requirements (32).

The current study included only young female participants, who were largely lactose intolerant, and may not represent all people who avoid bovine dairy or seek alternatives. The prevalence rate of gastrointestinal symptoms (67) and IBS (68) are higher in females than males which may suggest gastrointestinal symptoms reported in the present study could be overestimated. In addition, age related physiological changes in the gastrointestinal tract (69) may impact the digestive process and digestive symptoms in the elderly. Thus, generalizability of these findings to males, older populations, or tolerant individuals is limited, warranting further studies considering both sexes of different age groups and including a control dairy-free comparator. The pain tolerance in females may also vary with the stage of the menstrual cycle (70) and with a wash out of only 1 week, which given the possibility of a relationship between menstrual phase and digestive symptoms, this may have impacted on the symptoms reported (71). However, this was not considered in the present study. Furthermore, despite a trend of a higher digestive symptoms after CM compared to SM, these differences were not significant. In part this may be due to the relatively small sample size and the wide variations of self-reported subjective symptoms experienced. These findings highlight the need to better understand the spectrum of intolerance pathophysiology in non-lactose dairy intolerant individuals.

Perceptual differences between milks may have also mediated subjective symptom reports in this study. Milks were blinded but not masked, and participants were able to differentiate SM and CM by taste. However, as this had no impact on likeability scores, there may not have been a notable influence on symptoms. Further, although VAS are validated for pain (72), these scales may not have captured symptoms of discrete events, like vomiting and diarrhea, adequately. In the current study, no adverse events of vomiting were recorded, yet reports by VAS showed high variability between subjects—possibly reflecting associated feelings, rather than a discrete event. As such, these symptoms may be poorly suited for timed VAS reporting, reflected in the high variability between subjects. This is supported by literature showing that feelings of nausea, rather than vomiting itself, are validated by VAS (73). This study only explored acute digestive responses. Longer term studies may show different kinetics, as habitual dairy ingestion may improve tolerance to lactose (74). Furthermore, the compositional discrepancies across macro (44, 45) and micronutrient contents (75) in the reconstituted milk relative to their naturally occurring counterparts may have influenced digestion. Despite the variation in dairy both seasonally and across species/products (14), the current study serves to provide initial insights into acute digestive response following an equal volume of SM compared to CM.

In summary, dairy avoiders, who were largely intolerant to lactose in CM, experienced similar digestive symptoms following an equal volume of SM and CM, despite higher lactose malabsorption after CM ingestion. This highlights that the digestive discomfort of milk intolerance is complex and impacted by more than just lactose. Further, tolerability of SM over CM should be additionally explored in populations without lactose intolerance but who still experience adverse symptoms associated with milk ingestion, for whom the underlying trigger of intolerance may be unclear.



DATA AVAILABILITY STATEMENT

The datasets generated for this article are not readily available because approval has not been granted by subjects. Requests to access the datasets should be directed to a.milan@auckland.ac.nz.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by New Zealand Health and Disability Ethics Committees. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

AS conducted research, analyzed data, performed statistical analyses, and wrote the first draft of the paper. LS, LD, and DC-S designed research and reviewed the paper. PS conducted research. AM designed and conducted research, wrote the paper, and had primary responsibility for final content. All authors approved the final version of the manuscript for submission.



FUNDING

This study was funded by Blue River Dairy, Spring Sheep Milk Company, AgResearch PreSeed Fund (contract no. 368) and the AgResearch Strategic Science Investment Fund (Food Nutrition, contract no. A21246). Blue River Dairy and Spring Sheep Milk Company provided input into development of the concept and hypothesis and provided sheep milk powder for the study. Blue River Dairy and Spring Sheep had no role in the design or analysis of the study, or in the writing of this article.



ACKNOWLEDGMENTS

The authors would like to thank our study participants; Erik Linden, Ville Nyberg, Petter Johansson, Claire Dalmasso, Vivian Kim, Isabelle Kreber, Nora Farnisa, Sarah Mitchell, Utpal Prodhan, and Shikha Pundir for clinical support; Chris Keven for technical assistance.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2021.603816/full#supplementary-material



REFERENCES

 1. Rozenberg S, Body J-J, Bruyère O, Bergmann P, Brandi ML, Cooper C, et al. Effects of dairy products consumption on health: benefits and beliefs–a commentary from the Belgian Bone Club and the European Society for clinical and economic aspects of osteoporosis, osteoarthritis and musculoskeletal diseases. Calcif Tissue Int. (2016) 98:1–17. doi: 10.1007/s00223-015-0062-x

 2. Weaver CM. Should dairy be recommended as part of a healthy vegetarian diet? Point. Am J Clin Nutr. (2009) 89:1634S−7S. doi: 10.3945/ajcn.2009.26736O

 3. Pearlman M, Akpotaire O. Diet and the role of food in common gastrointestinal diseases. Med. Clin. North Am. (2019) 103:101–10. doi: 10.1016/j.mcna.2018.08.008

 4. Appleby P, Roddam A, Allen N, Key T. Comparative fracture risk in vegetarians and nonvegetarians in EPIC-Oxford. Eur J Clin Nutr. (2007) 61:1400–6. doi: 10.1038/sj.ejcn.1602659

 5. Kearney J. Food consumption trends and drivers. Philos Trans R Soc B Biol Sci R Soc. (2010) 365:2793–807. doi: 10.1098/rstb.2010.0149

 6. Zingone F, Bucci C, Iovino P, Ciacci C. Consumption of milk and dairy products: facts and figures. Nutrition. (2017) 33:322–5. doi: 10.1016/j.nut.2016.07.019

 7. Yantcheva B, Golley S, Topping D, Mohr P. Food avoidance in an Australian adult population sample: the case of dairy products. Public Health Nutr. (2016) 19:1616–23. doi: 10.1017/S1368980015003250

 8. Suchy FJ, Brannon PM, Carpenter TO, Fernandez JR, Gilsanz V, Gould JB, et al. NIH consensus development conference statement: lactose intolerance and health. NIH Consens State Sci Statements. (2010) 27:1–27. doi: 10.7326/0003-4819-152-12-201006150-00248

 9. Vernia P, Di Camillo M, Marinaro V. Lactose malabsorption, irritable bowel syndrome and self-reported milk intolerance. Dig Liver Dis. (2001) 33:234–9. doi: 10.1016/S1590-8658(01)80713-1

 10. Vernia P, Marinaro V, Argnani F, Di Camillo M, Caprilli R. Self-reported milk intolerance in irritable bowel syndrome: what should we believe? Clin Nutr Clin Nutr. (2004) 23:996–1000. doi: 10.1016/j.clnu.2003.12.005

 11. Pal S, Woodford K, Kukuljan S, Ho S. Milk intolerance, beta-casein and lactose. Nutrients. (2015) 7:7285–97. doi: 10.3390/nu7095339

 12. Claeys WL, Verraes C, Cardoen S, De Block J, Huyghebaert A, Raes K, et al. Consumption of raw or heated milk from different species: an evaluation of the nutritional and potential health benefits. Food Control. (2014) 42:188–201. doi: 10.1016/j.foodcont.2014.01.045

 13. Hilali M, El-Mayda E, Rischkowsky B. Characteristics and utilization of sheep and goat milk in the middle east. Small Rumin Res. (2011) 101:92–101. doi: 10.1016/j.smallrumres.2011.09.029

 14. Park YW, Juárez M, Ramos M, Haenlein GFW. Physico-chemical characteristics of goat and sheep milk. Small Rumin Res. (2007) 68:88–113. doi: 10.1016/j.smallrumres.2006.09.013

 15. Park YW, Haenlein GFW. Goat milk, its products and nutrition. In: Hu YH, editor. Handbook of Food Products Manufacturing. 1st ed. New York, NY: John Wiley & Sons (2007). p. 447–86.

 16. Verduci E, D'elios S, Cerrato L, Comberiati P, Calvani M, Palazzo S, et al. Cow's milk substitutes for children: nutritional aspects of milk from different mammalian species, special formula and plant-based beverages. Nutrients. (2019) 11:1739. doi: 10.3390/nu11081739

 17. van Staveren WA, de Groot LPGM. Evidence-based dietary guidance and the role of dairy products for appropriate nutrition in the elderly. J Am Coll Nutr. (2011) 30:429S−37S. doi: 10.1080/07315724.2011.10719987

 18. Sethi S, Tyagi SK, Anurag RK. Plant-based milk alternatives an emerging segment of functional beverages: a review. J Food Sci Technol. (2016) 53:3408–23. doi: 10.1007/s13197-016-2328-3

 19. Fantuz F, Salimei E, Papademas P. Macro-and micronutrients in non-cow milk and products and their impact on human health. In: Non-Bovine Milk and Milk Products. London: Elsevier Inc. (2016). p. 209–47.

 20. Moatsou G, Sakkas L. Sheep milk components: focus on nutritional advantages and biofunctional potential. Small Rumin Res. (2019) 180:86–99. doi: 10.1016/j.smallrumres.2019.07.009

 21. Pavić V, Antunac N, Mioč B, Ivanković A, Havranek JL. Influence of stage of lactation on the chemical composition and physical properties of sheep milk. Czech J Anim Sci. (2002) 47:80–4.

 22. Clark S, Mora García MB. A 100-year review: advances in goat milk research. J Dairy Sci. (2017) 100:10026–44. doi: 10.3168/jds.2017-13287

 23. Anderson RC, Bermingham EN, McNabb WC, Cookson AL, Tavendale MH, Armstrong KM, et al. Moderate levels of dietary sheep milk powder reduce experimentally induced colonic inflammation in rats. Anim Prod Sci. (2010) 50:714. doi: 10.1071/AN10015

 24. Park YW. Rheological characteristics of goat and sheep milk. Small Rumin Res. (2007) 68:73–87. doi: 10.1016/j.smallrumres.2006.09.015

 25. Tamime AY, Wszolek M, BoŽanić R, Özer B. Popular ovine and caprine fermented milks. Small Ruminant Res. (2011) 101:2–16. doi: 10.1016/j.smallrumres.2011.09.021

 26. Kuyumcu S, Menne D, Curcic J, Goetze O, Klebach M, Abrahamse E, et al. Noncoagulating enteral formula can empty faster from the stomach. J Parenter Enter Nutr. (2015) 39:544–51. doi: 10.1177/0148607114528981

 27. Maes E, Clerens S, Li D. Sheep beta-casein resemble A2. Food New Zeal. (2019) 19:26–8.

 28. Nguyen HTH, Gathercole JL, Day L, Dalziel JE. Differences in peptide generation following in vitro gastrointestinal digestion of yogurt and milk from cow, sheep and goat. Food Chem. (2020) 317:126419. doi: 10.1016/j.foodchem.2020.126419

 29. Jianqin S, Leiming X, Lu X, Yelland GW, Ni J, Clarke AJ. Effects of milk containing only A2 beta casein versus milk containing both A1 and A2 beta casein proteins on gastrointestinal physiology, symptoms of discomfort, and cognitive behavior of people with self-reported intolerance to traditional cows' milk. Nutr J. (2016) 15:35. doi: 10.1186/s12937-016-0164-y

 30. Milan AM, Shrestha A, Karlström HJ, Martinsson JA, Nilsson NJ, Perry JK, et al. Comparison of the impact of bovine milk β-casein variants on digestive comfort in females self-reporting dairy intolerance: a randomized controlled trial. Am J Clin Nutr. (2019) 111:149–60. doi: 10.1093/ajcn/nqz279

 31. Sheng X, Li Z, Ni J, Yelland G. Effects of conventional milk versus milk containing only A2 b-casein on digestion in chinese children: a randomized study. JPGN. (2019) 69:375–82. doi: 10.1097/MPG.0000000000002437

 32. Milan AM, Samuelsson L, Shrestha A, Sharma P, Li D, Cameron-Smith D. Circulating branched chain amino acids are heightened in dairy avoiding females following equal volumes of sheep milk and cow milk: a randomised controlled trial. Front Nutr. (2020) 7:553674. doi: 10.3389/fnut.2020.553674

 33. Drossman DA. The functional gastrointestinal disorders and the Rome III process. Gastroenterology. (2006) 130:1377–90. doi: 10.1053/j.gastro.2006.03.008

 34. Casellas F, Varela E, Aparici A, Casaus M, Rodríguez P. Development, validation, and applicability of a symptoms questionnaire for lactose malabsorption screening. Dig Dis Sci. (2009) 54:1059–65. doi: 10.1007/s10620-008-0443-3

 35. Suarez FL, Savaiano D, Arbisi P, Levitt MD. Tolerance to the daily ingestion of two cups of milk by individuals claiming lactose intolerance. Am J Clin Nutr. (1997) 65:1502–6. doi: 10.1093/ajcn/65.5.1502

 36. de Villiers FP. A standardized milk tolerance test. J Clin Gastroenterol. (1987) 9:320–3. doi: 10.1097/00004836-198706000-00016

 37. Milan A, Hodgkinson A, Mitchell S, Prodhan U, Prosser C, Carpenter E, et al. Digestive responses to fortified cow or goat dairy drinks: a randomised controlled trial. Nutrients. (2018) 10:1492. doi: 10.3390/nu10101492

 38. Nuora A, Tupasela T, Tahvonen R, Rokka S, Marnila P, Viitanen M, et al. Effect of homogenised and pasteurised versus native cows' milk on gastrointestinal symptoms, intestinal pressure and postprandial lipid metabolism. Int Dairy J. (2018) 79:15–23. doi: 10.1016/j.idairyj.2017.11.011

 39. Milan AM, Pundir S, Pileggi CA, Markworth JF, Lewandowski PA, Cameron-Smith D. Comparisons of the postprandial inflammatory and endotoxaemic responses to mixed meals in young and older individuals: a randomised trial. Nutrients. (2017) 9:354. doi: 10.3390/nu9040354

 40. Casellas F, Malagelada JR. Applicability of short hydrogen breath test for screening of lactose malabsorption. Dig Dis Sci. (2003) 48:1333–8. doi: 10.1023/a:1024163327183

 41. Birg A, Hu S, Lin HC. Reevaluating our understanding of lactulose breath tests by incorporating hydrogen sulfide measurements. JGH Open. (2019) 3:228–33. doi: 10.1002/jgh3.12145

 42. Shrestha A, Barnett MPG, Perry JK, Cameron-Smith D, Milan AM. Evaluation of breath, plasma, and urinary markers of lactose malabsorption to diagnose lactase non-persistence following lactose or milk ingestion. BMC Gastroenterol. (2020) 20:204. doi: 10.1186/s12876-020-01352-6

 43. He M, Sun J, Jiang ZQ, Yang YX. Effects of cow's milk beta-casein variants on symptoms of milk intolerance in Chinese adults: a multicentre, randomised controlled study. Nutr J. (2017) 16:72. doi: 10.1186/s12937-017-0275-0

 44. Savaiano DA, Boushey CJ, Mccabe GP. Lactose intolerance symptoms assessed by meta-analysis: a grain of truth. J Nutr. (2006) 136:1107–13. doi: 10.1093/jn/136.4.1107

 45. Leichter J. Comparison of whole milk and skim milk with aqueous lactose solution in lactose tolerance testing. Am J Clin Nutr. (1973) 26:393–6. doi: 10.1093/ajcn/26.4.393

 46. Labayen I, Forga L, Gonzalez A, Lenoir-Wijnkoop I, Nutr R, Martinez JA. Relationship between lactose digestion, gastrointestinal transit time and symptoms in lactose malabsorbers after dairy consumption. Aliment Pharmacol Ther. (2001) 15:543–9. doi: 10.1046/j.1365-2036.2001.00952.x

 47. Hertzler SR, Savaiano DA. Colonic adaptation to daily lactose feeding in lactose maldigesters reduces lactose intolerance. Am J Clin Nutr. (1996) 64:232–6. doi: 10.1093/ajcn/64.2.232

 48. Di Stefano M, Miceli E, Mazzocchi S, Tana P, Moroni F, Corazza GR. Visceral hypersensitivity and intolerance symptoms in lactose malabsorption. Neurogastroenterol Motil. (2007) 19:887–95. doi: 10.1111/j.1365-2982.2007.00973.x

 49. Calbet JAL, MacLean DA. Role of caloric content on gastric emptying in humans. J Physiol. (1997) 498:553–9. doi: 10.1113/jphysiol.1997.sp021881

 50. Spiller RC, Trotman IF, Higgins BE, Ghatei MA, Grimble GK, Lee YC, et al. The ileal brake - inhibition of jejunal motility after ileal fat perfusion in man. Gut. (1984) 25:365–74. doi: 10.1136/gut.25.4.365

 51. Calbet JAL, Holst JJ. Gastric emptying, gastric secretion and enterogastrone response after administration of milk proteins or their peptide hydrolysates in humans. Eur J Nutr. (2004) 43:127–39. doi: 10.1007/s00394-004-0448-4

 52. Szilagyi A, Salomon R, Martin M, Fokeeff K, Seidman E. Lactose handling by women with lactose malabsorption is improved during pregnancy. Clin Invest Med. (1996) 19:416–26.

 53. Balthazar CF, Pimentel TC, Ferrão LL, Almada CN, Santillo A, Albenzio M, et al. Sheep milk: physicochemical characteristics and relevance for functional food development. Compr Rev Food Sci Food Saf. (2017) 16:247–62. doi: 10.1111/1541-4337.12250

 54. Ivandré, Antonio Merlin J, Santos JS dos, Costa LG, Costa RG, Ludovico A, et al. Sheep milk: physical-chemical characteristics and microbiological quality. Arch Latinoam Nutr. (2015) 65:193–8.

 55. Ghoshal UC, Kumar S, Misra A, Mittal B. Lactose malabsorption diagnosed by 50-g dose is inferior to assess clinical intolerance and to predict response to milk withdrawal than 25-g dose in an endemic area. J Gastroenterol Hepatol. (2013) 28:1462–8. doi: 10.1111/jgh.12273

 56. Yang JF, Fox M, Chu H, Zheng X, Long YQ, Pohl D, et al. Four-sample lactose hydrogen breath test for diagnosis of lactose malabsorption in irritable bowel syndrome patients with diarrhea. World J Gastroenterol. (2015) 21:7563–70. doi: 10.3748/wjg.v21.i24.7563

 57. Ibba I, Gilli A, Boi MF, Usai P. Effects of exogenous lactase administration on hydrogen breath excretion and intestinal symptoms in patients presenting lactose malabsorption and intolerance. Biomed Res Int. (2014) 2014:680196. doi: 10.1155/2014/680196

 58. Martini MC, Savaiano DA. Reduced intolerance symptoms from lactose consumed during a meal. Am J Clin Nutr. (1988) 47:57–60. doi: 10.1093/ajcn/47.1.57

 59. Koetse HA, Vonk RJ, Pasterkamp S, Pal J, De Bruijn S, Stellaard F. Variations in colonic H2 and CO2 production as a cause of inadequate diagnosis of carbohydrate maldigestion in breath tests. Scand J Gastroenterol. (2000) 35:607–11. doi: 10.1080/003655200750023561

 60. Azcarate-Peril MA, Ritter AJ, Savaiano D, Monteagudo-Mera A, Anderson C, Magness ST, et al. Impact of short-chain galactooligosaccharides on the gut microbiome of lactose-intolerant individuals. Proc Natl Acad Sci USA. (2017) 114:E367–75. doi: 10.1073/pnas.1606722113

 61. Pawłowska K, Seredyński R, Umławska W, Iwańczak B. Clinical research hydrogen excretion in pediatric lactose malabsorbers: relation to symptoms and the dose of lactose. Arch Med Sci. (2018) 14:88–93. doi: 10.5114/aoms.2016.57884

 62. Hertzler SR, Huynh B-CL, Savaiano DA. How much lactose is low lactose? J Am Diet Assoc. (1996) 96:243–6. doi: 10.1016/S0002-8223(96)00074-0

 63. Rosado JL, Allen LH, Solomons NW. Milk consumption, symptom response, and lactose digestion in milk intolerance. Am J Clin Nutr. (1987) 45:1457–60. doi: 10.1093/ajcn/45.6.1457

 64. Brooke-taylor S, Dwyer K, Woodford K, Kost N. Systematic review of the gastrointestinal effects of A1 compared with A2 b -Casein. Adv Nutr. (2017) 2:739–48. doi: 10.3945/an.116.013953

 65. Monaci L, Tregoat V, Arjon Van Hengel J, Anklam E. Milk allergens, their characteristics and their detection in food: a review. Eur Food Res Technol. (2006) 223:149–79. doi: 10.1007/s00217-005-0178-8

 66. Mulet-Cabero AI, Mackie AR, Brodkorb A, Wilde PJ. Dairy structures and physiological responses: a matter of gastric digestion. Crit Rev Food Sci Nutr. (2020) 60:3737–52. doi: 10.1080/10408398.2019.1707159

 67. Avramidou M, Angst F, Angst J, Aeschlimann A, Rössler W, Schnyder U. Epidemiology of gastrointestinal symptoms in young and middle-aged Swiss adults: prevalences and comorbidities in a longitudinal population cohort over 28 years. BMC Gastroenterol. (2018) 18:1–10. doi: 10.1186/s12876-018-0749-3

 68. Kim YS, Kim N. Sex-gender differences in irritable bowel syndrome. J Neurogastroenterol Motil. (2018) 24:544–58. doi: 10.5056/jnm18082

 69. D'Souza AL. Ageing and the gut. Postgrad Med J. (2007) 83:44–53. doi: 10.1136/pgmj.2006.049361

 70. Wiesenfeld-Hallin Z. Sex differences in pain perception. Gender Med. (2005) 2:137–45. doi: 10.1016/S1550-8579(05)80042-7

 71. Prusator DK, Chang L. Sex-related differences in GI disorders. Handb Exp Pharmacol. (2017) 239:177–92. doi: 10.1007/164_2016_121

 72. Bijur PE, Silver W, Gallagher EJ. Reliability of the visual analog scale for measurement of acute pain. Acad Emerg Med. (2001) 8:1153–7. doi: 10.1111/j.1553-2712.2001.tb01132.x

 73. Susan B. Promes, MD F. Measuring Nausea on a Visual-Analog Scale. Ann Emerg Med. (2005) 45:77–81. doi: 10.1016/j.annemergmed.2004.07.446

 74. Pribila BA, Hertzler SR, Martin BR, Weaver CM, Savaiano DA. Improved lactose digestion and intolerance among african-american adolescent girls fed a dairy rich-diet. J Am Diet Assoc. (2000) 100:524–8. doi: 10.1016/S0002-8223(00)00162-0

 75. Christakos S, Dhawan P, Porta A, Mady LJ, Seth T. Vitamin D and intestinal calcium absorption. Mol Cell Endocrinol. (2011) 347:25–9. doi: 10.1016/j.mce.2011.05.038

Conflict of Interest: AM, LS, and LD are current employees of AgResearch Limited.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Shrestha, Samuelsson, Sharma, Day, Cameron-Smith and Milan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fnut-08-603816-t001.jpg
Component Cow milk Sheep milk

Total Energy (kJ) 1649.3 2140.4
Fat (g) 213 334
Protein (g) 194 299
Lactose (q) 333 249
Total solids (g) 790 917

Compositional analyses of milk was performed using a MikoScan FT1 (FOSS, Denmark)
analyzer. Test dfinks were prepared using 81 g of whole cow mik powder or 989 of whole
sheep milk powder, reconstituted in 585 mL of water to make a final volume of 650 mL.





OPS/images/fnut-08-603816-t002.jpg
Measures Values®

Age,y 243+13
BMI, kg/m? 228+0.9
Glucose (mmol/L) 48401
Insulin (U/mL) 76£06
Rome IIl IBS® n (%) 12(40)
LNP (CC13910/GCiz018)° 1 (%) 24 (80)
Ethnicity

Gaucasian, n (%) 9(30)
Asian, n (%) 11@37)
South Asian, n (%) 10(33)

“Values presented as mean & SEM or count (percentage) as indicated.
b1BS, Irmtable bowel syndrome.

CLNP  Lactase non-persistence based on SNPs (single  nucleotide
polymorphisms) analyses.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Comparing Response of Sheep and Cow Milk on Acute Digestive Comfort and Lactose Malabsorption: A Randomized Controlled Trial in Female Dairy Avoiders



		Introduction



		Methods



		Study Design



		Study Procedures



		Digestive Symptoms and Likeability (Visual Analog Scale)



		Breath Hydrogen Analyses



		Glucose and Insulin Analyses



		Milk Treatments



		Lactase Persistence Genotyping



		Subset Analyses



		Statistical Analyses







		Results



		Demographics



		Milk Likeability and Identification



		Digestive Symptoms in Response to SM and CM



		Lactose Malabsorption



		LNP Subset Analysis of Digestive Symptoms and Lactose Malabsorption



		Plasma Glucose and Insulin Analyses







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Nutrition

Comparing Response of Sheep and
Cow Milk on Acute Digestive
Comfort and Lactose Malabsorption:
A Randomized Controlled Trial in
Female Dairy Avoiders





OPS/images/fnut-08-603816-g001.gif
Srfpn o s »
e 2 8§

O Shetpmik o Cowr
MixTime, P=0916

Time (min)

S





OPS/images/fnut-08-603816-g002.gif
ORI ¥ Ot
[—— 7y At S
. i
i § |
/! E om0
o £
RN A
R
Mk X Time, £=0.520 = 15000 AUCMik P=0.135
P
ol = o
TR =

jiia










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Nutrition





