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ABSTRACT

Sub-Saharan Africa has a higher prevalence of undernutrition, which is the underlying cause
of stunting and underweight problems in children. Undernutrition is generally caused by
insufficient intake of nutrients; in Africa, it’s mainly due to over-reliance on plant-based staple
diets which contain inadequate amount of essential nutrients. Spirulina is a naturally abundant
microalgae with great nutritional values and could be utilized to fortify diets to enhance human
health. Therefore, this study evaluated nutrient content, bioavailability and safety of locally
found Spirulina products, focusing specifically in East Africa, to enable possible food-based
strategic interventions aimed at improving human nutrition in the region. A field survey was
conducted to identify local Spirulina producers in East Africa and obtain samples. A total of
54 mice were used in evaluating the nutrient bioavailability and safety in vivo. A randomized
control trial research design was used to select and allocate mice into treatment groups.
Randomly grouped mice were separately fed three diets: control (basal), test (15% Spirulina
powder blended with 85% basal diet) and standard (basal diet supplemented with standard
nutritional supplements). The test and standard diets had equivalent nutrient content to enable
direct comparison of results. Nutrients content analyses showed that a 100 g analyzed Spirulina
samples contains 70 g protein, 82 mg iron, 84.5 mg zinc, 1302 mg calcium, 628 mg
phosphorous, 27 ug vitamin A, 246.8 ug vitamin By, 3.99ug vitamin Bz, 1.92 mg QE/qg total
flavonoid and 2.99 mg GAE/qg total phenolic. The nutrients bioavailability from the control diet
was statistically lower than those of test and standard diets, whose results were comparable.
After the feeding experiment, mice had no significant differences in their serum aspartate
aminotransferase (AST), alanine aminotransferase (ALT), cystatin C and troponin |
concentrations, indicating that the studied concentrations of control, test and standard diets had
no adverse effect on critical organs (liver, heart, or kidney) of the mice. These results indicate

the safety of Spirulina and reinforce its importance in reducing undernutrition in humans.
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CHAPTER ONE
INTRODUCTION
1.1  Background of the problem

In July 2019, the United Nation’s Food and Agriculture Organization (FAQO) reported that,
globally, more than 820 million people are hungry. The situation is most alarming in Africa as
the region has the highest rates of hunger in the world (more than 250 million people) made
worse by population increase, poverty and effects of climate change (FAO, International Fund
for Agricultural Development [IFAD], United Nations International Children's Emergency
Fund [UNICEF], World Food Program [WFP] & World Health Organization [WHO], 2019).
Overpopulation leads to land resource scarcity, deforestation, overexploitation of natural
resources and climate change (Mekuria, 2018). The Food and Agriculture Organization (FAO)
projects that a 70% increase in agricultural production worldwide will be required in order
to feed a global population expected to reach 9.1 billion by 2050 (FAO, 2019).

These days, resources are being extracted and consumed at an increasing rate worldwide, thus,
seeking a sustainable and resource-efficient food source is required to sustain the growing
populations. Fortunately, attitudes are increasingly changing and several regions around the
world have had various forms of nutrition transition, leading to rapid changes in food systems.
Already, FAO has proposed edible insects (grasshoppers, crickets and mealworms) as
sustainable alternative to going meat-free and decrease demand on animal protein that
often increase the strain on the environment. In this study, however, the study propose
microalgae as a sustainable food solution for malnutrition and its various forms, focusing
specifically in East Africa, to enable food-based strategic interventions aimed at improving

human nutrition as well as counter the impacts of climate change on food production.

Microalgae consist of a diverse group of photosynthetic prokaryotic cyanobacteria and
eukaryotic microorganisms that are present in fresh and marine water habitats (Brasil et al.,
2017; Hamed, 2016). They have enormous biodiversity including as many as 8 classes, 32
genera and 200 000 to 800 000 species (Odjadjare et al., 2017; Usher et al., 2014). The genus
Arthrospirais continues to draw attention globally for food, nutraceuticals, pharmaceuticals
and other application due to its suitable nutrient composition (Shao et al., 2019). Arthrospira

platensis and Arthrospira maxima are the most commercialized and abundantly available



species, however, the genus has more than 30 species. Spirulina is a commercial name for

products from these two species (Jara et al., 2018; Sanchez et al., 2003).

Microalgae are rich in essential nutrients that are mostly inadequate in the African plant-based
staple diets (Saranraj & Sivasakthi, 2014). They produce a great variety of secondary
metabolites with high biological values (Jung et al., 2019; Saranraj & Sivasakthi, 2014).
Microalgae is naturally packed with high-quality protein, vitamins, minerals and other health-
promoting bioactive compounds (e.g. phenolic acids, flavonoids, etc.). For instance, the
protein content of microalgae is relatively high (about 50 to 70% of dry matter) compared to
18% in beef (Neumann et al., 2002). Microalgae is rich in B-carotene (about 180 mg per 100 g
of dry matter) which is enough to meet the daily requirement of an adult (Mobin & Alam,
2017). A small guantity (100 g) of microalgae contains approximately 60-300 pg vitamin B2
(cobalamin), which is normally inadequate in most vegetarian diets (Edelmann et al., 2019;
Mohan et al., 2014). Microalgae contain a high level of absorbable iron (70-100 mg/ 100 g)
compared to plant-based diets (Choopani et al., 2016; Gumbo & Nesamvuni, 2017; Kumari et
al., 2011; Mohan et al., 2014; Sotiroudis & Sotiroudis, 2013). Moreover, 100 g microalgae
can contain up to 1 g of Gamma-linolenic acid, makes it the best-known source of this essential
fatty acid after human milk (Jara et al., 2018; Martin et al., 2005).

The nutritional quality of microalgae has been reported in some studies. For instance, 90%
protein digestibility was reported by Gutiérrez-Salmeén et al. (2015) as compared to the
reference protein (casein). Forty percent or more absorbability of iron has also been reported
(Baroux et al., 2001; Peng, 2004). Due to its high nutrient content and biological values,
microalgae are regarded as a potential food candidate to improve nutrition in developing
countries where malnutrition manifested in all its forms (FAO, 2019). Studies from some
resource-poor African countries demonstrated the potential of microalgae in improving
nutrition. In Chad, for example, the consumption of microalgae had significantly improved the
nutritional status of the vulnerable population; due to the high consumption of microalgae
which is abundantly found in Lake Chad (Piccolo, 2011). A study from Burkina Faso also
showed that the consumption of food mixed with microalgae had significantly improved the
nutritional status of undernourished children (Simpore et al., 2006). Unlike Chad and Burkina
Faso, the nutritional values of microalgae have not been fully tapped in Eastern Africa. Thus,
harnessing the nutritional potential of microalgae is important to tackle the widely prevalent
malnutrition problems in East Africa.



1.2 Statement of the problem

Despite the natural abundance of Spirulina in Eastern Africa (Habib et al., 2008; Piccolo,
2011), its nutritional and functional values have not been well studied. So far, there is little
scientific information regarding the nutrient and phytochemical contents of Spirulina from
Eastern Africa. Further, to the best of my knowledge, the nutrient bioavailability and safety of
Spirulina available in the region have not been well studied or reported. Thus, this study aimed
at evaluating the nutritional and functional values, nutrient bioavailability and safety of

Spirulina naturally found in East Africa.
1.3 Rationale of the study

Since the chemical composition of Spirulina may vary between strain, environment and
cultivation conditions as well as geographical location (Braga et al., 2018; Fadel & Kamil,
2012; Fatemeh & Mohsen, 2016; Gatamaneni & Lefsrud, 2018; Sujatha & Nagarajan, 2013;
Toyub et al., 2011; Wells et al., 2017), it is, therefore, important to evaluate the nutritional and
functional values of Spirulina from Eastern Africa. The information will help practitioners
incorporate Spirulina in food-based nutrition interventions for combating malnutrition which

continues to be a challenge in the region.
1.4  Research objectives
1.4.1 General objective

The main objective of this study was to evaluate the nutritional and functional values of

Spirulina naturally found in East Africa.
1.4.2 Specific objectives

The specific objectives of the research were:

(i) To profile the nutrients and phytochemicals contents of locally found Spirulina.

(i) To evaluate the bioavailability of nutrients from the locally available Spirulina using

the in vivo animal model.

(iii) To evaluate the safety of locally available Spirulina through toxicity marker analysis.



1.5  Research questions

To carry out the research objectives, the research was guided by the following research

questions:
(1)  What are the nutritional and functional values of locally grown Spirulina biomass?
(i)  Are nutrients from the locally available Spirulina bioavailable?
(iii)  Are the locally available Spirulina products safe for consumption?

1.6  Significance of the study

Various interventions have been used to reduce malnutrition, however, the problem still
persists in East Africa. As the rest of the world experience economic growth and enhance the
income status of their residents, the poor in East Africa could continue experiencing the effects
of malnutrition and its various forms, which would increase their vulnerability to the never-
ending health, economic and environmental shocks. Thus, there is an urgent need to ensure that
the consumers in the region have access to the knowledge and resources needed to achieve
optimum nutrition. This study will establish baseline nutritional quality and safety
understanding of locally found Spirulina in diets in order to promote extensive production,
consumer acceptance, industry utilization and demand of the microalgae in food systems in
East Africa.

1.7 Delineation of the study

The study focused on nutrients which are mostly insufficient in the African plant based staple
diets. Spirulina samples used in this study were obtained from local producers, however,
Spirulina found in the natural environment (Lakes) might have different nutritional

characteristic.



CHAPTER TWO
LITERATURE REVIEW
2.1  Overview of microalgae

The use of microalgae as a food source and food supplement has a long history in human life
(Garcia et al., 2017; Jung et al., 2019; Wells et al., 2017). It is not exactly known when it
started to be used as a human food or food supplement. However, as reported by Bernal Diaz
del Castillo in 1520, the harvest of Spirulina microalgae was started in Mexico, from the lake
Texcoco; the native Mexicans used to dry and sale the harvested Spirulina to the local market
for human consumption and they used to call it Tecuitlalt, it means excrements of stones. The
topic of Spirulina was not mentioned again until 1940. In 1940, Pierre Dangeard, a French
phycologist found out about a cake called “dihe” which was a puree of blue-green algae from
the African Lake Chad and was consumed by the tribe of Kanembu who lived around the Lake
(Sanchez et al., 2003).

The importance of Spirulina in human nutrition is due to its overall nutritional quality. The
nutritional analysis on Spirulina has started after it is confirmed that “dike” is made from
Spirulina by Jean Leonard, the botanist in 1964 (Sanchez et al., 2003). During that time, Jean
Leonard was requested to conduct a study of systematic and detailed growth requirements,
physiology of Spirulina and the algae bloom in the sodium hydroxide production system by a
Mexican company called Sosa-Texcoco Ltd (Habib et al., 2008).

Spirulina protein gained popularity as an alternative food source during the first and second
World Wars. In the post-war period, the United Nations Food and Agriculture Organization
(FAO) reported the increased rate of hunger and malnutrition and introduced the concept of
protein deficiency. The report claimed 25% of the world’s population had a deficiency of
protein intake in their diet. Thus, several research projects that are looking for alternative
sources of proteins from chlorella, Spirulina, some bacteria and molds were launched during
that time. In 1950, investigations on the chemical composition and industrial applications and
experimental cultivations of microalgae started by the United States and Japan. However,
studies were accelerated after the release of the book called “Algal Culture from Laboratory to
Pilot Plant” by Buriew, 1953, the book triggered research works around the world. In 1967,
Spirulina was established as a “wonderful food source” by the International Association of

Applied Microbiology (Sanchez et al., 2003). The nutritional and medicinal applications, as
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well as the importance of Spirulina in water treatment applications, have been extensively
studied since 1970. The Food and Agriculture Organization (FAO) in 2008 reported that the
production of algae culture was greater than 68 000 tons, China and Chile were the major
contributing countries; the production of Spirulina in China has started in 1990 and the country
had more than 80 factories by 1997 (Habib et al., 2008).

Spirulina has been cultivated for several decades for human consumption in many Asian
countries, Australia, Europe and the USA (Kumari et al., 2011). In 1973 the first pilot Spirulina
production started, this pilot production in a year produced about 150 tons of dry Spirulina
biomass. Thereafter, the Mexican SosaTexcoco Ltd raise the capacity of production to 300 tons
per year a natural pond of 12 hectares. The annual value of Spirulina production represented a
third of the company's income from the manufacture of powdered soda from the lake deposits.
The population of living algae Spirulina still is available in Lake Texcoco even though
production of Spirulina by Sosa-Texcoco ceased in 1995 (Habib et al., 2008). Today, Spirulina
is produced in more than 30 countries worldwide including Australia, Bangladesh, Cote
d'lvoire, Ecuador, France, Chad, Brazil, Philippines, Thailand, Togo, Mexico, Benin,
Myanmar, Portugal, United States of America, Burkina Faso, China, Israel, Madagascar, Costa
Rica, Italy, Chile, Spain, Cuba, Martinique, Vietnam, Japan, Peru and India (Habib et al.,
2008).

Despite the long-term utilization of Spirulina as a food source in different areas of the world,
its commercial application and large-scale production are still recent. Because of the recent
new companies starting each year, the Spirulina business sector is very dynamic. In Europe,
mainly in France, there are different sizes of more than 150 companies mainly producing
dietary supplements and nutraceutical products from Spirulina present (Caporgno & Mathys,
2018; Khan et al., 2018).

A naturally rich and most complete source of organic nutrition Spirulina has gained interest
among the scientific community because of its high content of polyphenols, phytosterols,
polyketides, polysaccharides, carotenoids, halogenated compounds, mycosporine-like amino
acids, lectins, protein, polyunsaturated fatty acids, minerals, vitamins and other various
bioactive compounds (Choopani et al., 2016; Gumbo & Nesamvuni, 2017; Kumari etal., 2011;
Mohan et al., 2014).



Because of its health benefits, Spirulina has been named by the World Health Organization
(WHO) as one of the greatest superfoods on earth (Chacon-Lee & Gonzalez-Marifio, 2010).
Globally, there are many ongoing investigations on the utilization of Spirulina biomass and its
extraction for human nutrition. As Pulz and Gross (2004) pointed out that, to use the right
Spirulina with the relevant properties regarding the products is important in the industries to
achieve a successful Spirulina biotechnology, the use of such knowledge is important to create

a wider area of influence of Spirulina in the food industry.

2.2 Nutritional and functional values of microalgae

Spirulina is one of the most promising high-quality proteins. It contains a high (60-70% of its
dry weight) concentration of protein. The protein from Spirulina is of high quality containing
all of the essential amino acids such as isoleucine (6.8%), leucine (10.9%) and valine (7.5%)

than the standard protein sources such as milk, meat, or eggs (Falquet, 2006; Khan et al., 2005).

Protein is the building block of the human structural components of cells and tissues; also many
hormones and enzymes are made from protein. During the period of rapid growth such as
childhood, adolescence, pregnancy and breastfeeding, adequate intake of protein is required
due to the increased body demand as protein is essential cells and tissue growth (Gropper et
al., 2009). Due to its high nutritional quality, the importance of Spirulina protein for
undernourished people especially children with kwashiorkor is apprehended. Also, protein
from Spirulina could be advantageous for people having intestinal malabsorption, for older
people with difficulty in digesting complex protein and for people having diets restriction.

Only a tiny amount of vitamins and minerals is needed by the body, thus, they often called
micronutrients, however, a disease can be caused if failed to get even that tiny amounts. Similar
to protein, vitamins and minerals are vital for the formation of cells, tissues, hormones, genetic
materials and chemicals for the nervous system thus, they are vital for the regulation of various
physiological functions such as growth, physical and emotional balance and health as a whole
(Gropper et al., 2009).

Spirulina contains relatively high concentrations of vitamin A, Bg (folic acid), Be (pyridoxine),
vitamin By (thiamine), vitamin E, Bz (nicotinamide), B> (riboflavin) and B1. (cyanocobalamin)
(Dixit, 2018). Spirulina is rich in B-carotene which is ten times higher than that of carrot
(Mathur, 2018). A tablespoon Spirulina provides 23 000 1U (14 mg) of B-carotene. Even though
a high dose of vitamin A can be toxic, B-carotene from Spirulina as well as vegetables does not
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cause toxicity (Falquet, 2006). The vitamin B content of Spirulina is higher than that of beef
liver, chlorella (microalgae) or other sea vegetables (Falquet, 2006). Spirulina is the sole source
of vegetarian vitamin B12 because vitamin B> is rare to find the vitamin from plant source
foods (Balaji, 2018; Falquet, 2006; Sancbez et al., 2003; Shao et al., 2019). Spirulina contains
several pigments like chlorophyll a, echinenone, R-cryptoxanthin, zeaxanthin,
myxoxanthophyll and oscilloxanthine (Edelmann et al., 2019; Tang & Suter, 2015).

Spirulinais the richest source of calcium, zinc, phosphorus (Capelli & Cysewski, 2010; Mohan
et al., 2014; Sancbez et al., 2003; Santhosh et al., 2016). The geographical location where the
Spirulina is grown and the content of mineral in the growing water determines the mineral
concentration of Spirulina (Michael et al., 2019). Globally among women, children and the
older population, iron is the most commonly deficient mineral. For a healthy immune system
and strong red blood cells, it is important to have sufficient dietary iron intake (Gardner &
Kassebaum, 2020). Spirulina contains a higher concentration of iron than that of other dietary
sources of iron; a tablespoon of Spirulina provides up to 10 mg of iron (Masuda & Chitundu,
2019; Selmi et al., 2011). The blue pigment of Spirulina and the soluble complexes formed by
phycocyanin and other minerals during digestion is theorized to be the reason for the high
bioavailability of iron from Spirulina, thus, iron from Spirulina is twice absorbable as iron from

vegetables and most meats (Dasgupta, 2016; Wells et al., 2017).

Carbohydrates, fats and proteins are macronutrients that are daily required by the human body.
Carbohydrates are one of the main energy sources of the body organs’ (heart, brain, muscle,
kidney and central nervous system) main source of energy (Gropper et al., 2009). Spirulina
contains about 15 to 20% carbohydrates represented essentially by branched polysaccharides
made up mainly of glucose and is structurally similar to glycogen (Pugh et al., 2001). Spirulina
is rich in inulin, a polysaccharide with high molecular weight, inulin is a dietary fiber essential
for gut health and has immune stimulatory activity, this water-soluble carbohydrate accounts
for between 0.5-2 percent of a dry Spirulina (Pugh et al., 2001).

The fat content in Spirulina (5%) is far lower than other food sources; about 10 grams (one
tablespoon) of Spirulina has only 36 calories and no cholesterol. Whereas, 80 calories and 300
mg cholesterol is found in egg yet egg and Spirulina provides a similar amount of protein
(Falquet, 2006; Moreira et al., 2011). Thus, Spirulina is low cholesterol, low fat but high

protein source food.



Fatty acids are important for the pathways of biological signaling. Dietary polyunsaturated
lipids change to lipid peroxide in the body to serve as a precursor for signaling mediators. Some
examples of biological signaling that fatty acids play a major role includes are metabolic
modulation and pathways of neuron, the peroxidation of low-density lipid and formation of
eicosanoids (Innis, 2007). Eicosanoid signaling molecules responsible for immune responses,
growth factors, chemotaxis and platelet aggregation (Uauy & Dangour, 2006).

Gamma-Linolenic Acid (GLA), the rare polyunsaturated fatty acid putative medicinal
properties represent 49% of the total fatty acids in Spirulina, thus, Spirulina is considered as
one of the best-known source of Gamma-linolenic acid following the human breast milk and
vegetable oils such as blackcurrant seed, hemp oil and borage (Habib et al., 2008). It is reported
that 10 g of Spirulina provides over 100 mg of Y-linolenic acid. Spirulina is also rich in
unsaturated fatty acids such as linoleic and oleic acids and also saturated fatty acids (Gumbo
& Nesamwvuni, 2017). Phosphatidylglycerol, sulfoquinovosyl diacylglycerol and
monogalactosyl-diacylglycerol are among the major (20-25% each) lipids in Spirulina
(Choopani et al., 2016).

2.2.1 Spirulina in the fight against malnutrition

The nutritional and functional efficacy of Spirulina against malnutrition from human and
animal experiments has been demonstrated. East Africa is the place where malnutrition is
manifested in all of its forms. The most recent evidence shows that Africa had 58.7 million
children under-five years were stunted; a higher proportion (23.9 million) of the stunted
children were from the Eastern Africa sub-region (WHO, 2018). Micronutrient deficiency is
one form of malnutrition and is an important public health concern in developing countries
(Rasolofoson et al., 2018). Micronutrient deficiencies occur when intakes and bioavailability

of nutrients are inadequate to endure good health and development (Bouis & Saltzman, 2017).

Spirulina due to its high content of essential nutrients, natural abundance and ease of cultivation
could be possible commodity to tackle malnutrition among the vulnerable population (Chacon-
Lee & Gonzalez-Marifio, 2010; Saha & Murray, 2018; Wells et al., 2017). The reason why
Spirulina has been used traditionally by various cultures for centuries could be its efficiency in
treating complications from malnutrition. For instance, the local population lived around Lake
Chad have noticeably prevented undernutrition during famine for years despite their nutrient-
deprived diet (Habib et al., 2008).



The effectiveness of Spirulina to improve nutritional status and health conditions has been
demonstrated: the study collected anthropometric data after supplementing malnourished
children with 10 g Spirulina demonstrated how effective Spirulina improved the nutritional
status of malnourished children in Zambia (Masuda et al., 2014). Also, a prospective study
carried out among undernourished children reported that the daily supplementation of 10 g
Spirulina had significantly improved stunting and wasting rates among undernourished
children (Matondo et al., 2016).

A study that assessed the supplementation effect of Spirulina among malnourished under-five
years children in Cameroon reported a positive impact of Spirulina to tackle malnutrition
through improving biomarkers level in the blood and weight of undernourished children
(Modestine et al., 2015). A randomized control trial study conducted in India reported that the
daily consumption of a small amount of Spirulina had significantly improved the intellectual
performance and hematological profile of school girls; the study recommended a free Spirulina
supplementation in schools, most especially in the underprivileged regions for the better school

performance of children (Rajbir et al., 2004).

Spirulina supplementation showed a significant effect on lipid profile in HIV-infected
antiretroviral patients in Cameroon. A prospective, single-blind, randomized, multicenter study
had participants of HIV antiretroviral patients involved in control and intervention groups who
consumed local diet only and Spirulina supplement combined with the local diet, respectively.
The study reported a significant decrease in total cholesterol, LDL-cholesterol and triglycerides
in the group of patients who consumed Spirulina. A change in the atherogenic index defined
by the ratio TC/HDL-C substitutable by LDL-C/HDL-C and the TC/HDL decreased
significantly in the patients taking Spirulina. The study concluded nutritional supplementation
with Spirulina combined with a quantitatively and qualitatively balanced diet for at least six
months can retard an exposition to lipid abnormalities in HIV-infected patients (Ngo-Matip et
al., 2014).

In a randomized control study to compare the effect of Spirulina versus soybean as food
supplements on insulin-resistant HIV-infected patients, HIV-infected participants received 19
g of supplement (Spirulina or soybean) daily for 8 weeks. The study reported insulin sensitivity
in HIV patients improved more when Spirulina rather than soybean was used as a nutritional
supplement (Marcel et al., 2011). Also, a comparative study conducted in Burkina Faso on the

nutritional recovery of HIV-positive and HIV-negative malnourished children evaluated the
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effectiveness of Spirulina as a treatment for child malnutrition and its positive impact on the
nutritional rehabilitation of HIV-infected children. The study reported Spirulina
supplementation showed clinical improvement including weight increase, improvement of
hematological parameters and a decrease in the HIV viral load among HIV-infected

undernourished children (Simpore et al., 2005).

In a blind randomized cohort study, a daily supplement of 1.5 g Spirulina among pregnant
women showed significantly high hemoglobin increment than pregnant women who were
supplemented with a conventional iron (ferrous sulfate) 90 mg and folic acid supplementation

1 mg/day supplementation (Niang et al., 2017).

A study carried out to investigate the possible protective role of Spirulina in modulating the
hepatotoxicity induced by aluminum chloride in rats reported that co-administration of
Spirulina with AICI3 alleviated the hepatotoxic effect of AICIs through restoring oxidant-
antioxidant balance. It significantly declined the level of lipid peroxidation and increased the
activity of antioxidant enzymes in the liver. It diminished the oxidative effects of AICl3 on the
RBCs membrane and maintained the hematological parameters near normal limits. Moreover,
it decreased the elevated activities of liver enzymes (ALT and AST), triglycerides, total
cholesterol, LDL-c and bilirubin concentrations and increased the levels of HDL-c, total
proteins and albumin. Spirulina is a valuable hepatoprotective agent (Aita, 2014).

The study conducted to investigate the effect of Spirulina on serum antioxidant status and
exercise-induced oxidative stress of athletes in comparison to a commercial antioxidant
supplement had 3 groups, control group whic