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Protein quality and glycemic indexes of mango drinks fortified with a soybean/maize protein isolate with three levels of urease activity fed to weanling rats
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Abstract

Introduction: Public health professionals established a direct link between obesity and the rise in high caloric beverage intake. Current recommendations promote the elimination of sweet fruit drinks from the population’s diet. One way of evading this is by modifying the drink’s nutritional characteristics regarding nutrient uptake and utilization.

Objectives: evaluate the protein quality of a soy/maize protein (SMP) and its physiological effects on nutrient intake and to assess glycemic indexes (GIs) of mango based drinks prepared with sucrose or stevia.

Materials and methods: Mango drinks were supplemented with different sources of protein (three SMP thermally treated to contain different urease activities (UA) or whey protein concentrate (WPC)) that were sweetened with sucrose or stevia/sucralose. The protein digestibility, net protein absorption (NPA), biological value (BV), net protein utilization (NPU) value and protein efficiency ratio (PER) were assessed with weanling rats. Moreover, the GIs of the mango drinks were measured in the same animal model.

Results: PER and NPA evaluated in a rat model showed that increased levels of UA decreased Biological (BV) and Net Protein Utilization (NPU) values. The GIs of the mango drinks significantly diminished with the addition of 3.5% of SMP, but unexpectedly the substitution of sucrose by stevia/sucralose did not significantly change the glycemic response.

Conclusion: the SMP isolate can be used to improve the nutritional profile and lower GIs of mango drinks.
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Popular scientific summary


	In recent years, obesity has increased dramatically, associated with increased beverage intake with high caloric load and high glycemic index.

	Mango drinks fortified with different protein sources have significantly reduced glycemic indicators.

	This work assessed different parameters of mango-based drinks supplemented with whey protein isolate or novel soy/maize protein isolates sweetened with sucrose or stevia, aiming to explore the development of a healthier beverage for the population.



The incidence of obesity has risen dramatically in the last couple of decades, being diabetes one of the main complications associated with this physiological disorder. Public health professionals established a direct link between obesity and the rise in high caloric beverage intake, both in children and adults (1). Therefore, current recommendations promote the elimination of sweet fruit drinks from the population diet (2). One way of evading this is by modifying the drink’s nutritional characteristics regarding nutrient uptake and utilization.

We propose modifying the glycemic index (GI) by supplementing mango drinks with a combination of a legume/cereal protein isolate. In theory, this combination yields a high-quality protein with biological characteristics similar to casein and whey protein concentrate (WPC) at lower costs. As far as these authors know, only one beverage was reported comprised of a soy/maize combination. This beverage had dairy traits instead of those commonly associated with mango drinks. In addition, it had an in vitro protein digestibility (IVPD) higher (88%) than its soy counterpart (82%) and Protein Efficiency Ratio (PER) values that correlated favorably with casein (3). Thus, the legume/cereal protein isolate used in this study will have the sought-after nutritional characteristics of animal proteins, with the benefit of being affordable to people from different socioeconomic levels.

Despite the high protein quality and low cost of a soy/maize blend, its high content of anti-nutritional factors due to an improper thermal treatment reduces its in vivo bioavailability (compared with WPC and casein) by reducing the catalytic action of key digestive enzymes such as trypsin (4–6).

The objective of this study was to evaluate the protein quality of the soy/maize protein (SMP) and its physiological effects on nutrient intake and to assess GIs of drinks prepared with sucrose or stevia. This was achieved by formulating a mango fruit drink sweetened with the two different sweeteners and supplemented with 3.5% SMP with varying degrees of UA (1.89, 0.66, and 0.17). It was hypothesized that the gradual reduction of UA would improve its protein quality to values similar to those of animal proteins. To achieve these objectives, both an in vitro and in vivo weanling rat models were used to assess differences in protein digestibility, nitrogen retention, animal growth, and GI among treatments.

Materials and methods

Protein sources

Casein (MP Biomedicals, USA), WPC (Hegart S.A. de C.V., México), and SMPs (Industrias Nutrigrains, México) contained 86, 80, and 84% of protein, respectively. To produce the low UA SMP (0.17), an additional thermal treatment during the process was applied (Industrias Nutrigrains, Mexico). This was due to preliminary findings that showed low protein bioavailability due to the high content of antinutritional compounds.

Mango drinks formulation

Four mango fruit drinks were developed using a commercial formulation from a local food company. Two SMP mango drinks were formulated: one sweetened with sucrose (SMPS) and another with a combination of stevia/sucralose (SMPSS). As references, two additional beverages were developed: one supplemented with WPC 80 and another one without protein. All mango drinks contained the following ingredients: mango pulp (Del Valle, México), citric acid (Desarrollo de comerciales S.A. de C.V., México), sucralose (SW Food Technology S.A. de C.V., México), standard sucrose (Hill Country Fair, USA), stevia (Metco®, México), antifoam Fermcap (Kerry Ingredients and Flavours, Ireland), orange-red dye (Sabores, colores y perfumes S.A. de C.V., México), ethylenediaminetetraacetic acid (EDTA) (Innovadora de alimentos y químicos S. de R.L., México), and sodium tripolyphosphate (STPP) (Proveedores de ingeniería alimentaria S.A. de C.V., México). Formulations for each beverage are depicted in Table 1. The beverage industry routinely uses these additives in its formulations. Citric acid provides flavor balance between acids and sweeteners (7); ascorbic acid and STPP extend shelf life by promoting unfavorable environments for microbial growth (8), whereas EDTA, STPP, and ascorbic acid enhance product quality and stability (9, 10). All mango drinks were prepared in a high-velocity mixer (Ultraturrax T18 Basic S1 IKA, Germany) at 14,000 rpm for 5 min. Pasteurization was performed at 80ºC for 30 sec.

 


Table 1.Formulation and ingredients of mango fruit drinks


	
	Mango fruit drink (%)
	Mango fruit drink with WPCc (%)
	Mango fruit drink with SMPd and sucrose (%)
	Mango fruit drink with SMP and stevia/sucralose (%)





	Mango pulp
	8.42
	8.42
	8.42
	6.00



	Water
	84.1
	83.1
	83.1
	88.4



	Citric acid
	0.50
	0.50
	0.50
	0.80



	Ascorbic acid
	0.01
	0.01
	0.01
	0.01



	Protein
	0.00
	3.50
	3.50
	3.50



	Sucralose
	0.02
	0.02
	0.02
	0.04



	Sucrose
	6.90
	3.60
	3.61
	0.00



	Stevia
	0.00
	0.00
	0.00
	0.50



	Antifoam
	0.30
	0.30
	0.30
	0.16



	Dye
	0.004
	0.004
	0.004
	0.004



	EDTAa
	0.02
	0.02
	0.02
	0.02



	STPPb
	0.13
	0.13
	0.13
	0.13



	Total
	100
	100
	100
	100



	aEthylenediaminetetraacetic acid; bsodium tripolyphosphate; cwhey protein concentrate; dsoy/maize protein.





In vitro protein digestibility

IVPD was measured in triplicate using the pH-based Multi-Enzyme Technique suggested by Hsu et al. (11) with porcine pancreatic trypsin (Sigma T4799), bovine pancreatic chymotrypsin (Sigma C4129), and S. griseous protease type XIV (Sigma P5147), the latter as a substitute for porcine intestinal peptidase according to Hervera et al. (12). IVPD was calculated using the following equation:
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Diets for in vivo studies

Five diets were prepared varying the source of protein (casein, WPC, SMP (1.89 UA), SMP (0.66 UA), and SMP (0.17 UA)). All diets were formulated with the mango drinks’ ingredients described in Table 1, using them as a unique source of protein (10%). Besides the solids from mango drinks, the following ingredients were included in all the formulations: 8% corn oil (Cristal®, México), 1% vitamins and 3.5% minerals (MP Biomedicals, USA), 1% cellulose (Desarrollo de Especialidades Quimicas, México), and native corn starch (Maizena®, México) in the following percentages: 68.2% for casein diet, 36.5% for WPC, and 47.5% for all SMP treatments. Diet formulations were thoroughly blended in a Hobart 5 Lt mixer equipped with a paddle attachment for 10 min (SM-30; Hobart, USA).

In vivo protein quality assay

The PER procedure (13) was used to assess the protein quality of the different mango drinks in five experimental groups with a minimum of six rats each. The study groups were set according to the diets previously described. Weanling male Wistar rats weighing 40–45g were individually housed in metabolic cages (<300g, Nalgene) for 28 days. The cages were equipped with a collector that separates the fecal pellets from the urine. The urine collection containers were supplemented with 0.5 mL of 1:1 HCl:water to prevent microbial degradation. The feces and urine were collected daily during the last 15 days of the study and immediately placed under frozen storage (–20°C). Feces were dehydrated at 60°C overnight before grinding and analysis, whereas the urine was brought to a fixed volume with distilled water before analysis. Food and water were supplied ad libitum. Nitrogen determination in diets, feces, and urine was assayed using the micro Kjeldahl method AOAC 978.02 (13).

Protein quality values

Using the data collected from the in vivo study, the following values were calculated according to the equations from (14):
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Protein Digestibility Corrected Amino Acid Score
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For the last value, essential amino acid contents of casein, WPC, and SMP were determined (Table 2) using the AOAC 982.3 method (13).

 


Table 2.Essential amino acid composition and percentage of contribution to preschool children’s diet according to the FAO/WHO recommendations of SMP, casein, and WPC


	Amino acid
	FAO/WHOa g/100g Pe
	SMPb g/100g Pe
	%Rc
	Casein g/100g Pe
	%R
	WPCd g/100g Pe
	%R





	Threonine
	3.4
	2.49
	73.24
	3.36
	98.82
	4.40
	129.41



	Valine
	3.5
	3.31
	94.57
	5.43
	155.14
	3.82
	109.14



	Methionine/cysteine
	2.5
	1.67
	66.80
	3.15
	126.00
	2.76
	110.40



	Isoleucine
	2.8
	3.27
	116.79
	2.61
	93.21
	3.93
	140.36



	Leucine
	6.6
	5.52
	83.64
	7.78
	117.88
	6.92
	104.85



	Phenylalanine/tyrosine
	6.3
	6.49
	103.02
	9.07
	143.97
	4.24
	67.30



	Lysine
	5.8
	4.27
	73.62
	6.44
	111.03
	5.77
	99.48



	Histidine
	1.9
	1.81
	95.26
	2.46
	129.47
	1.20
	63.16



	Tryptophan
	1.1
	1.01
	91.82
	1.17
	106.36
	1.62
	147.27



	aFood and Agriculture Organization/World Health Organization; bsoy/maize protein; crequirement; dwhey protein concentrate; eprotein.





In vivo GI determination

GI calculations were done following the modified method of the human GI determination ISO 26642 (15). Five study groups were used with five rats each: 1) mango drink without added protein, 2) mango drink with WPC and sucrose, 3) mango drink with SMPS, 4) mango drink with SMPSS, and 5) stevia ingredient. 1.5 g of glucose/kg body weight after 12 hr of fasting was delivered using intragastric probes (16). Blood glucose measurements were performed with a glucometer (OneTouch Ultra Mini, Johnson Medical®) by triplicate at 0, 15, 30, 45, 60, 90, and 120 min after mango drink ingestion. GI values were obtained with the following equation: [image: FNR-66-8576-E9.jpg] (Equation 9) (AUC: area under the curve). Values were compared to the standard GI classification: low (<55), medium (55–69), and high (>70) (17).

Statistical analyses

Data were statistically analyzed using ANOVA (MiniTab statistical software v. 17 Minitab Ltd., Coventry, UK) procedures. Significant means differences were determined using Tukey’s test (P < 0.05).

Results and discussion

In vitro protein digestibility

The IVPD of the individual proteins showed that casein had the best digestibility, followed by the WPC and thermally treated SMP (Table 3). Results obtained from this study were similar to the IVPD reported by Hsu et al. (11) for casein (100%) and soy (88.1%).

 


Table 3.In vitro protein digestibility of individual proteins


	Protein
	In vitro digestibility (%)





	Caseina
	97.61 ± 2.81a



	WPCb
	90.16 ± 1.93 b



	SMPc (non-thermal treated)
	85.51 ± 1.61 c



	SMP (thermal treated)
	89.13 ± 0.10 b



	The values shown in this table are the average ± standard deviation.



	Values within columns with the same letter are not significantly different at P < 0.05.



	aCasein; bwhey protein concentrate; csoy/maize protein.





Results for WPC were higher than those reported by Hsu et al. (11) (76.4 %). This discrepancy may be due to differences in the source of WPC. It has been reported that differences in physical and chemical properties, as well as the country of origin or drying and pasteurization methods, can affect the nutritional quality of a WPC (18–20).

Figure 1 shows a statistical similarity between the SMP and WPC supplemented mango drinks, but after comparing these results with those obtained for individual SMPs (Table 3), a decrease in IVPD was observed. Two possible causes were considered: 1) pasteurizing the mango drinks negatively affected the IVPD; 2) a protein-ingredient interaction reduced the protein’s digestibility. After performing the IVPD determination on unpasteurized mango drinks, the first hypothesis was discarded because an improvement in SMP digestibility was observed when the mango drinks were pasteurized (Fig. 1). Consequently, IVPD determinations of SMP with each mango drink’s ingredients were done. These results indicate that all the ingredients lower the IVPD to some extent, being acids, mango pulp, and STPP the predominant IVPD lowering ingredients (6.4, 4.16, and 3.68%, respectively).

Fig. 1. In vitro protein digestibility of mango fruit drinks. Bars within a column with the same letter are not significantly different at P < 0.05. (A) Mango fruit drink with whey protein concentrate; (B) mango fruit drink with soy/maize protein with sucrose; (C) mango fruit drink with soy/maize protein with stevia and sucralose.
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In vivo protein quality determination

Figure 2 compares weight gain and protein intake for the five studied groups. It is clear that the quality of the SMP increased as the content of UA decreased. At relatively the same amount of protein intake, animals fed the SMP (0.17 UA) gained more weight than counterparts fed the SMP containing 1.89 or 0.66 UA. In addition, El-Niely (21) and Olguin et al. (22) researched the inactivation of anti-nutritional compounds in soybean protein and observed an increase in food intake and weight gain as the anti-nutritional compounds in the diet were inactivated. The reduction of the SMP’s UA increased 96% weight gain.

Fig. 2. Weight gain and protein intake of study groups. Bars within a column with the same letter are not significantly different at P < 0.05. (1) Casein diet; (2) whey protein concentrate diet; (3) soy/maize protein (1.89)* diet; (4) soy/maize protein (0.66)* diet; (5) soy/maize protein (0.17)* diet; *urease activity.
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Nitrogen metabolic values depicted in Table 4 showed that the low UA SMP diet had superior PER, APD, and Net Protein Utilization (NPU) values compared to the diet containing high UA. These are indicators of weight gain related to protein intake, protein digestibility, and how much of the digested protein was absorbed and retained by the body. As UA was reduced, an increase in 38% of the PER value was achieved. Interestingly, both NPU and Biological Value (BV) decreased as UA in the SMP increased. These values are known to be highly affected by the bioavailability of the protein’s limiting amino acid. Additionally, we observed that even though the vegetable proteins with low UA doubled rat weight gains and significantly increased PER values, they were still comparatively lower than dairy proteins casein and WPC. Wu et al. (23) reported a decrease in in vivo protein digestibility due to lower bioavailability of specific amino acids related to increased times and temperatures of thermal treatments in red kidney beans. The percentage of essential amino acid contributions based on the FAO/WHO recommendation for preschool children was calculated to corroborate this theory. These results conclude that the low BV and NPU values were due to inadequate content of lysine, threonine, and methionine (73, 73, and 67% of the requirement, respectively) (Table 2). Another cause for the reduction of BV and NPU values and the moderate reduction in weight gain may be the residual content of antinutritional factors in the protein, specifically trypsin inhibitor, which blocks the active site of the pancreatic enzyme trypsin reducing protein digestibility (24).

 


Table 4.Protein quality values obtained from the in vivo assay


	Treatments
	PERc
	BVd (%)
	APDe (%)
	NPUf (%)
	NPRg
	NPAh
	PDCAASi (%)





	Casein
	2.50 ± 1.19a
	69.59 ± 8.30a
	91.34 ± 2.34a
	63.61 ± 8.05a
	2.02 ± 0.40a
	2.90 ± 0.49a
	0.95



	WPCa
	2.32 ± 0.12a
	72.00 ± 4.79a
	86.70 ± 1.79b
	62.43 ± 4.42ab
	1.72 ± 0.25a
	2.39 ± 0.25b
	0.68



	SMPb (1.89)*
	0.92 ± 0.17c
	64.87 ± 12.00ab
	82.69 ± 1.45c
	53.59 ± 9.61bc
	0.82 ± 0.16b
	1.27 ± 0.17d
	0.66



	SMP (0.66)*
	1.16 ± 1.56c
	57.57 ± 4.41b
	82.69 ± 2.15c
	47.56 ± 3.21c
	0.92 ± 0.10b
	1.61 ± 0.22cd
	0.66



	SMP (0.17)*
	1.48 ± 0.31b
	54.79 ± 7.87b
	83.87 ± 1.33bc
	45.93 ± 6.38c
	0.99 ± 0.29b
	1.78 ± 0.31c
	0.67



	The values are the average ± standard deviation. Data within a column with the same letter are not significantly different at P < 0.05. *Urease activity; awhey protein concentrate; bsoy/maize protein with sucrose; cprotein efficiency ratio; dbiological value; eapparent protein digestibility; fnet protein utilization; gnet protein retention; hnet protein absorption; iprotein digestibility corrected amino acid score.





PER values for the SMP obtained herein depicted similarity to those reported by Serrem et al. (25) for a protein that consisted of a combination of sorghum and soybean. However, Egounlety et al. (26) managed to obtain a higher quality protein from a combination of soy/maize with PER values similar to those obtained for casein. These authors obtained this improvement in protein quality due to the addition of melon seed flour to the final formulation. Melon seed flour is high in methionine, the limiting amino acid of soybean.

In vitro PDCAAS and in vivo PER values are commonly used to measure food protein quality (27). Casein (1.00) results are similar to those reported by Sarwar (27). The SMP PDCAAS obtained in this study is higher than a traditional and a thermally treated soy protein isolate (0.62 and 0.44, respectively) but lower than milk (0.74) (27). There are no PDCAAS values published for a protein consisting of a soy/maize mixture, but results from this study clearly state that even though they are higher than a soy protein isolate’s, this combination is not enough to completely cover or meet the essential amino acid requirements for preschool children. Regarding WPC, results were considerably lower than what is found in the literature; this is because the amino acid histidine limited the value of this protein source.

Results herein showed that the SMP’s quality strictly depends on both urease activity and the concentration of sulfur-containing amino acids (methionine/cysteine). It was observed that reducing anti-nutritional compounds improved protein quality to a certain extent. However, low PER values observed for the SMP with low urease activity were due to its limited content of methionine/cysteine (66.8% of the recommendation for infants). Therefore, the recommendation is to use a mixture of SMP and WPC to produce a high-quality protein. WPC will provide the sulfur amino acids limiting in the SMP, and SMP will provide the aromatic amino acids (phenylalanine/tyrosine) that WPC is deficient on.

In vivo GI determination

Even though the effect of protein in the GI is widely known, most of these studies have been performed with animal proteins. Because of the unique characteristics of this legume/cereal protein, the GI of the mango drinks was measured. It was decided that the mango drink would be supplemented with 3.5% of SMP to emulate a dairy beverage’s nutritional characteristics. The GIs obtained from both SMPS and SMPSS were close to those reported by Brindal et al. (28) for whole milk. Concluding that even though SMP does not have the same protein quality as an animal protein, it has the same physiological effects on glucose uptake.

There were no significant differences between the two samples regarding the SMP mango drinks with different sweeteners. Therefore, it was hypothesized that the substitution of sucrose for stevia/sucralose would aid in the reduction of the mango drink’s GI. To ascertain that the artificial sweetener stevia did not produce a GI response, the GI of stevia was measured. Surprisingly, the results showed that stevia exerted a glycemic response, even though it provided 89% fewer calories than sucrose (data not shown).

Research is still being done on the health effects of consuming stevia and its derivatives. Most authors coincide with an antihyperglycemic effect due to the stimulation of insulin secretion in both in vitro and human and animal studies (29, 30). Studies in humans have reported a decrease in blood glucose levels after an acute administration of steviosides. These results were dose dependent, with doses higher than what an average person would consume on any given day (31). Currently, Suanarunsawat et al. (32) are the only authors to witness a hyperglycemic effect of steviosides in normal rats. These authors concluded that this effect might be due to a suppression of insulin-induced glucose uptake by diaphragm muscles.

On the other hand, the administration of steviosides did not affect blood glucose levels in streptozotocin-induced diabetic rats. Interestingly, they observed that the supplementation of stevia extracts to diabetic rats had antihyperglycemic effects. These authors theorize that the steviosides do not provide antihyperglycemic protection, and that another glycoside present imparts this characteristic in the stevia extract. Results from this study differ from what Jeppesen et al. (29, 31) and Anton et al. (30) reported but are consistent with Suanarunsawat et al.’s (32) findings, in which the hyperglycemic effect of steviosides, in part, may be due to a glycemic response when ingested and its consequent metabolic alterations, especially considering that, because of its caloric content, stevia extracts should not be producing a glycemic response. Because of these controversial results, further research is needed to determine the glycemic response pathway of the consumption of stevia and other non-caloric sweeteners.

Fig. 3. Glycemic index values for mango drinks supplemented with protein and artificial sweeteners. Bars within a column with the same letter are not significantly different at P < 0.05. SMPS: soy/maize protein with sucrose; SMPSS: soy/maize protein with stevia and sucralose; WPC: whey protein concentrate.
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Conclusions

Even though, in theory, the SMP is of high BV, in practice, we have shown that there are additional factors to consider other than pure protein and amino acid contents when a legume/cereal protein is being used as a food component. Suppose the legume protein is not given a proper thermal treatment to inactivate its anti-nutritional compounds. In that case, the body will not anabolize the amino acids from the dietary protein to the same extent, and additional health issues will arise due to the presence of antinutritional factors such as trypsin inhibitor, urease, and hemagglutinins. If the protein is thermally treated in the presence of reducing sugars, it will lower its amino acid bioavailability and protein quality. A mango drink with 3.5% of this protein significantly reduced GI values, thus classifying it as safe for consumption by both obese and diabetic populations. Surprisingly, substituting sucrose with stevia did not significantly affect the glycemic response in laboratory animals. Therefore, further research is needed to comprehend the metabolic response of non-caloric sweeteners commonly used to prepare dietetic beverages.

With the results obtained herein, the complementation of SMP with either an animal protein or another food source with a high content of sulfur-containing amino acids is advocated. Thus, a low-cost, high-quality mango drink can be produced for the obese and diabetic population. Furthermore, adding this protein to commercial mango drink formulations will be a valuable tool for the battle against obesity.

Conflict of interest and funding

The authors have not received any funding or benefits from industry or elsewhere to conduct this study.

Acknowledgments

This research was achieved with funds of the Research Chair Funds 0020IDP001 from the Center for Research and Protein Development (CIDPRO), from the Engineering and Sciences School (Tecnológico de Monterrey-Campus Monterrey). The authors thank the Consejo Nacional De Ciencia y Tecnología (CONACyT) for Katia de la Peña’s scholarship.

References


	1. 	Popkin BM, Armstrong LE, Bray GM, Caballero B, Frei B, Willett WC. A new proposed guidance system for beverage consumption in the United States. Am J Clin Nutr 2006; 83: 529–42. doi: 10.1093/ajcn.83.3.529

	2. 	Rivera J. Consumo de bebidas para una vida saludable: recomendaciones para la población mexicana. Salud Publica Mex 2008; 50: 173–95. doi: 10.1590/S0036-36342008000200011

	3. 	Omueti O, Oguntona EB, Jaiyeola O, Ashaye OA. Nutritional evaluation of home-prepared soy-corn milk – a protein beverage. J Nutr Food Sci 2000; 30: 128–32. doi: 10.1108/00346650010319723

	4. 	Akeson WR, Stahmann MA. A pepsin pancreatin digest index of protein quality evaluation. J Nutr 1964; 83: 257–61. doi: 10.1093/jn/83.3.257

	5. 	Konstance RP, Onwulata CI, Smith PW, Lu D, Tunick MH, Strange ED. Nutrient-based corn and soy products by twin-screw extrusion. J Food Sci 1998; 63: 864–8. doi: 10.1111/j.1365-2621.1998.tb17915.x

	6. 	Messinger, JK, Rupnow JH, Zeece MG, Anderson, RL. Effect of partial proteolysis and succinylation on functionality of corn germ protein isolate. J Food Sci 1987; 52(6): 1620–4. doi: 10.1111/j.1365-2621.1987.tb05891.x

	7. 	Howlett W. Acidulants in food processing. In: Furia TE, editor. Handbook of food additives. 2nd ed. Boca Raton, FL: CRC Press, 1980; p. 225–270.

	8. 	Chichester DF. Antimicrobial food additives. In: Furia TE, editor. Handbook of food additives. 2nd ed. Boca Raton, FL: CRC Press, 1980; p. 115–84.

	9. 	Furia TE. Sequestrants in food. In: Furia TE, editor. Handbook of food additives. 2nd ed. Boca Raton, FL: CRC Press, 1980; p. 271–94.

	10. 	Ellinger RH. Phosphates in food processing. In: Furia TE, editor. Handbook of food additives. 2nd ed. Boca Raton, FL: CRC Press, 1980; p. 617–772.

	11. 	Hsu HW, Vavak DL, Satterlee LD, Miller GA. A multienzyme technique for estimating protein digestibility. J Food Sci 1977; 42: 1269–73. doi: 10.1111/j.1365-2621.1977.tb14476.x

	12. 	Hervera M, Baucells MD, González G, Pérez E, Castrillo C. Prediction of digestible protein content of dry extruded dog foods: comparison of methods. J Anim Physiol Anim Nutr (Berl) 2009; 93: 366–72. doi: 10.1111/j.1439-0396.2008.00870.x

	13. 	AOAC International. Official methods of analysis of AOAC International. Arlington, VA: AOAC International; 2007.

	14. 	Food and Agriculture Organization, International Fund for Agricultural Development and World Food Programme. The state of food insecurity in the world. Strengthening the enabling environment for food security and nutrition. Rome: FAO; 2014.

	15. 	Li C, Hu Y. In vitro and animal models to predict the glycemic index value of carbohydrate-containing foods. Trends Food Sci Technol 2022; 120: 16–24. doi: 10.1016/j.tifs.2021.12.031

	16. 	Nakamura K, Yamashita T, Fujiki H, Aoyagi T, Yamauchi J, Mori T, et al. Enhanced glucose tolerance in the Brattleboro rat. Biochem Biophys Res Commun 2011; 405: 64–7. doi: 10.1016/j.bbrc.2010.12.126

	17. 	Kirpitch AR, Maryniuk MD. The 3 R’s of glycemic index: recommendations, research, and the real world. Clin Diabetes 2011; 29: 155–9. doi: 10.2337/diaclin.29.4.155

	18. 	Manninen AH. Protein hydrolysates in sports nutrition. Nutr Metab 2009; 6: 38. doi: 10.1186/1743-7075-6-38

	19. 	Couto Almeida C, Guerra Monteiro ML, Carneiro da Costa-Lima BR, Silveira Alvares T, Conte-Junior CA. In vitro digestibility of commercial whey protein supplements. LWT – Food Sci Technol 2015; 61: 7–11. doi: 10.1016/j.lwt.2014.11.038

	20. 	Carbonaro M, Cappelloni M, Sabbadini S, Carnovale E, Nazionale I, Ardeatina V. Disulfide reactivity and in vitro protein digestibility of different thermal-treated milk samples and whey proteins. J Agric Food Chem 1997; 45: 95–100. doi: 10.1021/jf950828i

	21. 	El-Niely HFG. Effect of radiation processing on antinutrients, in-vitro protein digestibility and protein efficiency ratio bioassay of legume seeds. Radiat Phys Chem 2007; 76: 1050–7. doi: 10.1016/j.radphyschem.2006.10.006

	22. 	Olguin MC, Hisano N, D’Ottavio AE, Zingale MI, Revelant GC, Calderari SA. Nutritional and antinutritional aspects of an Argentinian soy flour assessed on weanling rats. J Food Compos Anal 2003; 16: 441–9. doi: 10.1016/S0889-1575(03)00005-X

	23. 	Wu W, Williams WP, Kunkel ME, Acton JC, Wardlaw FB, Huang Y. Thermal effects on in vitro protein quality of red kidney bean (Phaseolus vulgaris L.). J Food Sci 1994; 53: 1187–91. doi: 10.1111/j.1365-2621.1994.tb14673.x

	24. 	Birk Y. Protein proteinase inhibitors in legume seed. Arch Latinoam Nutr 1996; 44: 26S–30S.

	25. 	Serrem C, de Kock HL, Oelofse A, Taylor JRN. Rat bioassay of the protein nutritional quality of soy-fortified sorghum biscuits for supplementary feeding of school-age children. J Sci Food Agric 2011; 91(10): 1814–21. doi: 10.1002/jsfa.4389

	26. 	Egounlety M, Aworh OC, Akingbala JO, Houben JH, Nago MC. Nutritional and sensory evaluation of tempe-fortified maize-based weaning foods. Int J Food Sci Nutr 2002; 53: 15–27.

	27. 	Sarwar G. The protein digestibility – corrected amino acid score method overestimates quality of proteins containing antinutritional factors and of poorly digestible proteins supplemented with limiting amino acids in rats. J Nutr 1997; 127: 758–64. doi: 10.1093/jn/127.5.758

	28. 	Brindal E, Baird D, Slater A, Danthiir V, Wilson C, Bowen J, et al. The effect of beverages varying in glycaemic load on postprandial glucose responses, appetite and cognition in 10-12-year-old school children. Br J Nutr 2013; 110(3): 529–37. doi: 10.1017/S0007114512005296

	29. 	Jeppesen PB, Gregersen S, Poulsen CR, Hermansen K. Stevioside acts directly on pancreatic β cells to secrete insulin: actions independent of cyclic adenosine monopohosphate and adenosine triphosphate-sensitive K+-channel activity. Metabolism 2000; 49: 208–14. doi: 10.1016/S0026-0495(00)91325-8

	30. 	Anton SD, Martin CK, Han H, Coulon S, Cefalu WT, Geiselman P, et al. Effects of stevia, aspartame, and sucrose on food intake, satiety, and postprandial glucose and insulin levels. Appetite 2010; 55: 37–43. doi: 10.1016/j.appet.2010.03.009

	31. 	Jeppesen PB, Barriocanal L, Meyer MT, Palacios M, Cañete F, Benitez S, et al. Efficacy and tolerability of oral stevioside in patients with type 2 diabetes: a long-term, randomized, double-blinded, placebo-controlled study. Diabetologia 2006; 49: 511–12.

	32. 	Suanarunsawat T, Klongpanichapak S, Rungseesantivanon S, Chaiyabutr N. Glycemic effect of stevioside and Stevia rebaudiana in streptozotocin-induced diabetic rats. East J Med 2004; 9: 51–6.



*Sergio O. Serna-Saldívar
Eugenio Garza Sada 2501 Sur
Tecnológico, 64849
Monterrey, NL, México
Email: sserna@tec.mx

OPS/CoverDesign.jpg
1SSN 16546628

food & nutrition

research

Protein quality and glycemic indexes of mango drinks fortiied
with a soybean/maize protein isolate with three levels of urease

activity fed to weanling rats

Katia Caballerode lo Peio, Laura Acevedo-Pacheco, Aidee I. Sénchez-Reséndiz,
Cristina Chuck-Herndndez and Sergio O. Serna-Saldivar





OPS/FNR-66-8576-E8.jpg
APD 7 score of limiting amino acid

PDCAAS =
100

(Equation 8)





OPS/FNR-66-8576-E9.jpg
G = AYC of the Jruit drink . 100
AUC of glucose





OPS/FNR-66-8576-E6.jpg
NPR: N, food -~ N, feces— N, urine (Equation 6)





OPS/FNR-66-8576-E7.jpg





OPS/FNR-66-8576-F1.jpg
82.0

L
8
2
£
g
g
=
S

70.0

68.0

795

77.6

a
b OFruit drinks with pasteurization
b BFruit drinks without
79.2 pasteurization






OPS/FNR-66-8576-E1.jpg





OPS/FNR-66-8576-F2.jpg
Weight gain

mmmmm





OPS/FNR-66-8576-E4.jpg
Ny ooc— N, jeces
ApD: I

tion 4)
= (Equation 4)





OPS/FNR-66-8576-E5.jpg
NPU:ES 2 (Equation 5)





OPS/FNR-66-8576-E2.jpg
PER (Equation 2

“protein intake (g)





OPS/FNR-66-8576-F3.jpg
el

R
100
%
50
7
6
50
2
30
20
10
o

b
1
T |
1l % i
i ° / a2






OPS/FNR-66-8576-E3.jpg
BV :

o 7 sl ¥ el e

food -

(Equation 3





