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Abstract:
Aim: The aim of this study was to identified the effect of consumption of milk and pistachio as snacks on satiety, body fat percent, and macronutrient intake in overweight or obese women. 
Methods: In this randomized cross-over trial, sixty overweight and obese women with mean age of 24.42 ± 4.2 years participated. Each Intervention lasted two one-month periods with a 6-day washout period. A visual analogue scale was used to score satiety. To calculate energy intake(macronutrient), a food record was obtained. Body fat percentage was calculated using the Deurenberg formula.
Results: At the end of the study, there was not any statistical difference in energy intake at each snack groups (p-value>0.05). Body fat percent for women in the milk group significantly decreased (p-value = 0.001). There was not any statistical difference in the area under the curve between pistachio and milk snack groups (226.13±54.5 and 225.16±47.48, respectively, p-value=0.930).
Conclusion: The consumption of pistachio and milk as a daily mid-morning snack for a month has a similar effect on the maintenance of the satiety status in obese and overweight people but it doesn’t have any beneficial effects on calorie intake.
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What’s known? A satiety control strategy is a novel method for achieving and maintaining an optimal body weight. Although snacks consumed has a significant role in satiety status, there isn’t any specific guidance for snacking choices.  
What’s new? Presently, the evidence with regarding association between kind of snack and satiety results are inconsistent. As our finding, the functional food and healthy snacks consumed can a key role in satiety status.








1.Introduction:
The weight-loss diet is the cornerstone of obesity management(1). Even so, recently published research has revealed that overweight or obese individuals have trouble losing and maintain weight successfully (2). Estimations of attenuation rates in the weight-loss diet approach are high (30–60%)(3). The achievement of a weight-loss diet has a close relationship with compliance, which, in turn, highly depends on hunger, appetite, and satiety(4). A satiety control strategy is a novel method for achieving and maintaining an optimal body weight(5). Satiety refers to the signals or processes occurs after a meal inhibiting  eating before hunger returns(6). Simply put, satiety suppresses over-eating, leading to overweightness and obesity(7). It is clear that the kind of snacks consumed has a significant role in satiety status(8). Snacking between meals can potentially enhance the satiety process and suppresses overeating during the subsequent meal(9-10). Snacking patterns and snack food choices differ between obese and non-obese people(11-12). Overweight and obese people usually make unhealthy snack choices (11). With no specific guidance for snacking choices, many people may be unaware about the effects of snacking on health or the best food and drink choices to make when eating between meals(10). Milk and pistachio, as functional food(13-14), can be a healthy snack choice. However, results are inconsistent regarding their effect on satiety(15-17), when consumed as a mid-morning snack. The present study was to examine the effect of the consumption of milk and pistachio snacks on satiety as a primary outcome and body-fat percent and macronutrient was survived as a secondary outcome in overweight or obese women.
2.Method:
2.1.Design: This randomized cross-over trial lasted for over two one-months, with a 6-day wash-out period(12). All procedures involving human participants were in accordance with the ethical standards of the institutional and national research committee and with the 1964 Helsinki declarations(IRCT20181024041448N1). Based on previous researches(18), sample size was estimated about sixty persons. All participants lived in the university’s campus, with an almost similar lifestyle. Unfortunately, during the run-in period eight individual dropped-out due to fasting(n=2), illness(n=2), or with no reason(n=4) (Fig1). Each individual was provided with 200 cc of low-fat milk and 30 g of unroasted, unsalted pistachios. Pistachios were measured using a digital scale and packed in suitable packages. It was estimated that 30-g serving of pistachios has about 101 calories(14-19), being  almost equal to the number of calories in 200 cc of milk.
2.2.Run-in period: Participants’ typical lifestyle (physical status, physical activity, and diet) was controlled and matched. Physical status was assessed using the Depression Anxiety Stress Scales-21(20). The physical activity score (MET-min/week) was assessed using the International Physical Activity Questionnaire (IPAQ) short form(21). Calorie intake was calculated by food record (2 weekdays and 1 weekend day)(12).
2.3.Protocol: Healthy females aged 18–50 years with a body mass index(BMI) of >24.9 who did not follow any specific diet but had a tendency to lose weight we were included for this study. Individuals with any of the following criteria were excluded: smoking, regular exercising, food allergies or sensitivities, personal or family history of any diseases, lactose intolerance, no previous regular consumption of mid-morning snacks, taking any special medication or supplements. After screening, 60 females were randomly selected and assigned to two groups using a random list. In each intervention period, subjects attended the research center 4 test days. On test days, subjects were asked to complete a Visual analogue scales (VAS) questionnaire before breakfast at 8 am (0-min). Then they had their usual breakfast under the researcher’s supervision. They were asked to consume test-meal as their mid-morning snack(12) between 10 and 10:30 a.m. They were given a VAS every half hour from 10:00 to 12:00 a.m. Participants were allowed to read and speak during these two hours, but they were not allowed to eat, drink, or talk about their sense of satiety or hunger.  The researcher followed up participants by text messages and phone calls. Also, a WhatsApp group was created for providing general information (e.g., reminding participants of critical test day information and revealing the final results). 
2.4.Measurements: The VAS was used to measure the satiety status. The participants were asked to determine their satiety sensation on a scale of the 100-millimeter horizontal line, with the right end of the VAS scale indicating ‘very little satiety’ and the left end indicating ‘extreme satiety’(22). The question was asked: ‘How satisﬁed are you feeling?’ VAS scores were obtained immediately before breakfast (T1), immediately before mid-morning snack (T2), immediately after mid-morning snack(T3), and every half hour after a snack at 30 (T4), 60 (T5), 90 (T6), and 120 (T7) minutes. A trapezoidal formula was used to calculate the area under the curve (tAUC) of satiation status(23).To calculate energy intake, food record for 3 days was obtained at the beginning, and at the end of each intervention phase(12). Data collected via these food records were analyzed by nutrition software (Nutrient four, version3.2). Anthropometric measurements(24) were collected at the beginning and at the end of each intervention stage. Weight was measured using a calibrated digital weight scale (Digital Scales GLAMOR GBF-830, China) with light clothing and barefooted. Height was measured using a height gauge while participants stood up straight, looking forward with no shoes on. For calculating waist circumference(WC), participants had to stand straight up; the narrowest area between the lower lateral limb and the crystal elliptic was measured. Hip measurements (HC) were considered as the largest circumference of the buttocks. To calculate the waist to hip ratio(WHR), waist circumference was divided by the hip circumference. Body fat percentage was calculated using the Deurenberg formula: ((BMI × 1.2)+ (Age × 1.2)- (Gender × 10.5)+ 5.4)(25).
2.5.Statistical analysis: Results are expressed as means ± standard deviation (SD). The demographic data was analyzed using independent-t-test. within-subject changes were analyzed by pair-sample-t-test. A linear mixed-effects model of covariance(ANCOVA) for repeated measures (seven times) was used to estimate and compare the effects of the pistachio and milk on satiety by “SPSS” statistical software (version 22). A p-value of less than 0.05 was considered as statistically significant.
3.Results:
Fifty-two subjects completed this trial. The mean age was 24.4±4.2 years (range 18–50) and the mean BMI was 27.89± 2.78 kg/m2 (range: 24.9<). The baseline characteristics of participants did not have any significant differences, in run-in period(Table1). Furthermore, the satiety score between the pistachio and milk group (before breakfast) was not statistically different. Analysis of variance for satiety score shows statistically significant results immediately after snack consumption and least moment (fig 2). Participant’s score of satiety being calculated with the area under the curve of the mean satiety status, were similar in two groups (226.13±54.5 vs 225.16±47.48, p-value=0.930). Table 2 shows that in the milk group, body fat percent, significantly decreased (p-value=0.001); but in the pistachio group has significant changes in body fat percent (p-value=0.014). There weren’t any significant differences in energy intake between pre- and post-intervention within each group (p-value>0.05).  
4.Discussion:
4.1. There were no significant differences in tAUC of satiety from consumed milk and pistachio snacks. However, there was a statistically significant difference between the mean of satiety status scores after consuming milk and pistachio snacks at two minute. The plateau was observed in satiety score crave after consuming milk snacks. 
4.1.1.Immediately after snacks consumed; average satiety score for pistachio was higher than milk: The consumption of nut create a satiety feeling due to the high energy, fiber, and protein content(26); so can suppress hunger and, thus, reduce food consumption during the next meal(27). Previous studies on the effect of pistachios on satiety status have indicated that pistachio consumption increases glucagon-1-like peptide levels and subsequently increases the satiety(28). According to Kendall et al., despite seeing no change in satiety scores, the hunger scores of a pistachio group decreased when compared to participants who consumed white bread(28). Overall, adding pistachios as a snack along with a healthy diet can improve diet quality and bring significant health benefits(29). It should be mentioned that the special physical properties of nuts affect the satiety status after their consumption. For instance, the need to chew(30) and peel nuts(31) might increase the feeling of satiety. A prospective study also indicated that participants consumed less shelled pistachios than unshelled ones, perhaps due to the time required to peel pistachios or because of the feeling of satiety caused by observing the amount of pistachio shells during consumption(31). The food texture (solid vs. liquid) of food can influence the satiety process. The physical type of food has serious implications in eating behavior(32), gastric emptying, intestinal transit time; and nutrient absorption(33). Liquids are discharged from the stomach first in an exponential fashion, whereas solids have a lag period accompanied by a linear emptying process that is correlated with the density of the solid food and the time taken to grind the food(34). Pan et al.’s research suggested that liquid foods generally have less satiety potential than solid foods(35).
4.1.2.The plateau was observed in satiety score crave after consuming milk snacks for 30 to 90 minutes: Two couple of studies have indicated the beneficial effect of milk consumption on improving satiety score(36-37). One previous meta-analysis also revealed that consuming more than 500 milliliters of dairy products daily can increase satiety status and related components(15). Dougkas and et al., proposed that all types of dairy have the potential to reduce appetite(12). A series of studies have reported that the main mechanism of milk consumption’s effect on satiety status depends on the two specific proteins present in milk (i.e., whey and casein)(37-40). Casein and whey proteins typically are consisted of 80% and 20% of milk proteins, respectively(40). The physical and physiological properties of  milk proteins improve satiety status and ultimately reduce food intake(38). Although whey protein is soluble in the stomach and rapidly exits it, casein slowly exits the stomach by creating a clot or gel in the acidic environment of the stomach(40). Casein has a wide range of biologically active peptides(40-41). Casein-hydrolyzed opioid peptides are known as β-casomorphins that delay gastric and intestinal discharge(40-41). Based on the results of the current study, it is concluded that although the amount of proteins in pistachio is higher than in milk(39), milk can prolong satiety status due to its specific proteins. Thus, it can be inferred that the protein type may have a greater impact on satiety status than protein levels.
4.1.3.Mean satiety score at 120 minutes (as golden time); after consuming milk snack was higher than pistachio snack: The most important pathway investigated by scientific studies include the fact that milk-consumption-related improvements in satiety status are due to the amount of calcium in milk(15-36). So this rustle (as a key point of this study) may be related to the calcium component of milk.
4.2.Some studies have reported that the potential for improved satiety status and weight-loss with milk consumption(36) affect the secretion of anorexigenic hormones and the suppression of orexigenic hormones(42). Generally, people who consume less calcium are more likely to increase their intake of high-fat and high-carbohydrate foods(43). Previously, the effect of calcium absorption on energy and fat balance has been studied(44). The results of a review article indicated that calcium has a positive effect on energy metabolism and weight control(45). According to the findings of the present study, the consumption of milk, unlike the consumption of pistachios, had a positive effect on body fat loss, which could be attributed to the higher calcium content of milk (120 mg per 100 grams of low-fat milk vs 61 mg per 100 g of pistachio)(19). 
5.Conclusion: This study was conducted on people who, despite being overweight or obese and unsatisfied with their body weight, were not reluctant to follow the suggested weight loss diet. Greater reductions in energy intake would be expected if low-fat milk snacks were consumed as part of a weight-loss diet for a long time. We recommend that future research works also consider participants’ cognition of test snacks. Further interventional studies about the effect of snack consumption on body weight and obesity management is strongly recommended. 
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	Fig.1 Study design; visits and examinations during the intervention
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	Table1. Baseline characteristics of participants.

	variable
	Milk
(means±sd)

	Pistachio
(means±sd)
	Pvalue*

	Age (year)
	24.46±3.27

	25.35±5.07

	.923

	Weight(Kg)
	70.50±8.79

	70.77±8.22
	.996

	waist circumference(cm)

	86.68±6.99
	87.58±7.14
	.413

	hip circumference(cm)
	105.67±6.76

	104.77±6.13
	.707

	Waist to hip ratio(cm)
	.82±.06

	.83±.04
	.645

	Body mass index(Kg/M2)
	27.81±2.62

	27.97±2.98
	.864


	                              Depress              
	12.99±2.13
	12.50 ±2.07
	.250

	mod                      Anxiety  
	8.92±2.13
	8.00 ±2.07
	.440

	                              Stress
	15.76±2.95

	15.67 ±3.17
	.509

	Physical activity(met-minute/week)
	50.56±11.11

	50.39±14.32
	.364

	Calorie (Kcal)
	2742.57±128.33
	2592.41±142.55
	.488

	* Independent t test
* Pvalue <0.05



	Table 2. Mean and standard division for  energy intake  and body fat percent of milk or pistachio as mid-morning snack before and after the intervention

	Variable
	snack
	mean±sd(before)
	mean±sd(after)
	P-value*

	Energy intake(kcal)
	Pistachio

	2488.98±21.05
	2475.47±90.52
	.107

	
	Milk

	2415.05±140.29
	2391.61±17.75
	.057

	Body fat(%)
	Pistachio

	33.79±3.74
	33.90±3.67
	.014

	
	Milk

	33.58±3.36
	33.17±3.32
	.001

	* pair-sample-t-test
* Pvalue <0.05
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