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Abstract:  The purpose of this 
study was to test acceptance of soy-based 

meal options adapted from popular 
lunch menu items in middle schools 
with a diverse student population.  

Method: A plate 
waste study was conducted 
in five middle schools in 

Montgomery County, MD to test 
the comparability of soy-based alternatives to 

traditional meat-based menu items.   Four soyfood 
items were tested—a “hybrid” beef patty, soy-based 
chicken nuggets, sliced soy-based chicken breast 
served in a Caesar salad, and macaroni and cheese 
made with soy pasta. A fifth product, a black bean burger, 
was introduced as an overt vegetarian option.  

Analysis: Averages were calculated 
for nutrients across the soy-based and traditional 
products. A proportional odds model was used to 
compare the amount and proportion of food consumed, 
and a mixed model was used to account for differences 
between schools.

Results: Students consumed the same 
amount of soy-based and traditional beef patties, 
nuggets and pasta. They ate slightly more regular 
chicken as part of the Caesar salad compared to 
the soy-based product. There was no difference 
in the proportion consumed of the soy-based 
and regular pasta. Slightly higher proportions of 
traditional nuggets, beef patties and chicken were 
consumed compared to soy-based products. Most of 
the students who chose the vegetarian black bean 
burger consumed the entire product.  On average the 
soy-based entrees had fewer calories; less total fat, 
saturated fat, and cholesterol; and more iron, fiber, and 
sodium compared to traditional items.   

Implications: Offering soy-based 
products in a school lunch menu can help reduce 
calorie, saturated fat, and cholesterol consumption; 
increase consumption of iron and fiber; and address 
special dietary needs and cultural preferences. Besides 
nutritional advantages, this study indicates that soy 
protein products are well-accepted and offer a viable 
alternative to popular school lunch menu offerings. 
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Calories 80 200 130 132 160 168 230 230 180

Protein 14 g 17 g 13g 14 g 10 g 6 g 15 g 14 g 15 g

Carbohydrates 4 g 20 g 2g 2 g 27g 34 g 22 g 14 g 18 g

Fat 2 g 11 g 7g 8 g 1 g 1 g 9 g 13 g 6 g

Saturated Fat 0 g 3 g 3 g 3 g 0 g 0 g 1 g 3 g 1 g

Trans Fat 0 g 0 g 0g 0 g 0 g 0 g 0 g 0 g 0 g

Cholesterol 0 mg 50 mg 25mg 35 mg 0 mg 0 mg 0 mg 35 mg 0 mg

Sodium 220 mg 318 mg 310mg 232 mg 97 mg 3 mg 604 mg 465 mg 480 mg

Fiber 1.5 g 0 g 0g 0.5 g 1.6g 1.1 g 6.2 g 0 g 6.0 g

Objective:
To test the acceptance of soy-based entrees as an alternative 
for traditional products in middle schools.

Setting: 
Montgomery County Public Schools
•	 Montgomery	County	Public	Schools	serves	150,000		 	 	

 students 
•	 Soyfoods	were	tested	in	5	middle	schools	with	a	culturally		

 diverse population:
	 	•	38%	white												 •						22%	African	American
	 	•	25%	Hispanic		 •						15%	Asian	

•	 30	percent	of	students	receive	free	or	reduced-price		 	 	
meals	(ranging	from	14%	to	52%	of	students	within	
schools).

•	 Lunch	programs	in	middle	schools	feature	up	to	seven	
entree choices daily, including popular items like beef 
patties and pizza. 

Pre-testing:
Fifteen potential soy-based alternatives that looked and 
tasted like the most popular menu items were pre-tested 
in one school in a representative group of middle school 
students, who scored the foods for taste, appearance and 
texture, and indicated whether they perceived the new items 
to be at least as good as the foods currently offered in the 
cafeteria.  Five soyfood items were chosen for additional 
testing—a “hybrid” beef patty consisting of half ground 
beef and half soy, soy-based chicken nuggets made of 
textured soy protein, sliced soy-based chicken breast made 
of textured vegetable protein served in a Caesar salad, and 
macaroni and cheese made with soy pasta. 

Menu Items Tested in 5 Schools:
•	 Morningstar	Farms®	Veggie	Chik’n	Nuggets	vs.	traditional	

chicken nuggets
•	 Gardein	Veggie	Chick’n	vs.	regular	chicken	in	Caesar	salad
•	 Midland	Harvest™	Pasta	vs.	traditional	pasta	in	macaroni	

and cheese
•	 Hearty	Griller™	Beef	Patties	vs.	regular	beef	patty	
•	 Morningstar	Farms®	Spicy	Black	Bean	Burger	served	on	a	

bun, introduced as a clearly vegetarian item

Method:
Acceptance of food was measured using plate waste to 
compare amounts and proportion eaten of traditional and 
soy-based foods. The different food versions were offered 
consecutive weeks.  For example, one week the cafeterias 
sold the traditional beef patties and the 
next week the hybrid beef patties. A 
fifth product, a black bean burger, was 
introduced as an overt vegetarian 
option.  The introduction of soy-based 
products was spread out over three 
weeks. Students and their parents 
were informed of the new menu 
items prior to the trial to alert people 
with soy allergies, but no other 
cues were provided in the cafeteria. 
Trained observers tagged trays with test 

why the amounts consumed were equal, yet proportions 
differed slightly, but significantly—students were more 
likely to have consumed almost all of the regular beef patty, 
compared to the hybrid beef patty.

•	 No	differences	were	observed	in	either	the	amount	or	the	
proportion consumed of the soy or regular pasta.

•	 Students	consumed	equal	amounts	of	both	types	of	
nuggets, but were more likely to finish the entire serving of 
the traditional nuggets compared to the soy-based chicken 
nuggets. Standard serving sizes of the soy-based chicken 
nuggets were slightly larger than the traditional nuggets, 
which may partially explain this finding.

•	 Sales	of	the	black	bean	burger	were	comparable	to	entre		e	
salads. Most were entirely consumed.

Nutrient Comparisons of Soy-Based and 
Traditional Foods:

On	average	the	soy-based	entrees	had	18%	fewer	calories,	
45%	less	fat,	less	than	half	(57%	less)	less	saturated	fat,	and	
one-fifth the cholesterol compared to traditional entrees. 
None of the products had trans fat. The soyfoods had nearly 
equal amounts of protein, twice the amount of iron, and 6 
times the amount of fiber compared to the traditional menu 
items.		The	soyfoods	were	20%	higher	in	sodium.

Conclusions:
USDA studies indicate that the saturated fat and cholesterol 
content of school lunches often exceeds the Dietary 
Guidelines	for	these	nutrients.		Soy-based	products	such	as	
nuggets and pasta, and soy-meat blends like the hybrid beef 
patty are well-accepted by students as alternatives to popular 
entrees. Equal amounts of soy-based and traditional products 
were consumed; proportions eaten differed slightly, but most 
students consumed the entire product regardless of the food 
type. Soy-based products can help meet USDA regulations 
for fat and saturated fat while providing more vegetarian 
choices and variety. 

The soyfoods industry is relatively new to the school nutrition 
market, and manufacturers appear to be willing to work 
with districts to refine the products as needed (for example, 
improving packaging to preserve color and texture, or 
reducing sodium content) and to offer competitive pricing.

items after students made their choices, and instructed them to 
return their trays with uneaten portions. The remaining foods 
were weighed and compared to the standard serving size to 
estimate how much was consumed. Other entrees were also 
tagged and weighed at random so that students were unaware 
which foods were being tested.

Analysis:
The amount of food consumed was measured in ounces, and 
the proportion of food was calculated as the amount consumed 
divided by the starting weight. Mixed model analysis was used 
to account for differences between schools, and a proportional 
odds model was used to compare amounts and proportions 
consumed. 

Results:

Equal amounts were consumed of soy-based and traditional 
pasta, nuggets, and beef patties. The amount of soy-based 
chicken consumed in the Caesar salad was slightly less 
compared to the regular chicken.

The proportions of food consumed ranged from 0 (none of 
the product consumed) to 1 (the entire product consumed). 
For every type of product, most people ate the entire serving. 
When analysis was adjusted for school effects, slight differences 
were also observed in the proportion of burgers and nuggets 
consumed.

•	 The	soy-based	chicken	product	was	well-accepted	in	the	
pre-test, where it was sliced on the premises. For the larger 
trial, the soy-based chicken was pre-sliced, which may have 
caused changes in color and texture.

•	 The	standard	serving	size	of	the	hybrid	beef	patty	was	slightly	
larger than the regular beef patty, which may partially explain 
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