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Abstract

“Glandless” (Gl) cottonseed is a unique cotton variety with only a trace content of toxic gossypol present. The new
Gl cottonseed raises the potential of its enhanced utilization as agro-foods for human consumption. In this work, Gl
cottonseed kernels were used as the base material to produce protein-oil butter-like formulations. Kernels roasted at
two temperatures were first ground with different ratios of cottonseed oil and two other ingredients (i.e., salt and
sugar) by a food blender, and then passed through a meat grinder with the 4-mm-hole grinding plate. Based on the
results, the textural and microstructural properties of two butter-like products were evaluated. The morphology of
the two butters was examined and compared by Scanning Electron Microscopy (SEM) and cryo-SEM. Oil stability
test showed no substantial oil separation from the butter products over 7 weeks (49 days) at ambient temperature (22
°C). This work provided the basic information and parameters for lab cottonseed butter making so that optimization
and characterization of cottonseed butter formation can be designed and performed in future research.

Introduction

Plant-based (nut and seed) butters have steadily increased in consumer popularity. Substitutes for peanut-butter have
been of particular interest as the severe allergenic character of peanuts is a problem for a significant percentage of
the population. Several types of plant-based butters or spreads have been commercialized, including products from
almond, cashew, hazelnut, sunflower, sesame, peanut, pistachio, pumpkin seed and soybeans (Dimi , Vujasinovi ,
et al., 2013, Gorrepati, Balasubramanian, et al., 2015, Shakerardekani, Karim, et al., 2013). Plant-based butters are
generally prepared by roasting and grinding with some additives (Shahidi-Noghabi, Naji-Tabasi, et al., 2019, Tanti,
Barbut, et al., 2016). Temperatures of roasting and grinding are both vital for formulation of healthy and nutritious
plant-based butters (Norazatul Hanim, Chin, et al., 2016).

Because of the presence of toxic gossypol, seed products derived from glanded cottonseed are typically not suitable
for human consumption. The discovery of a glandless mutant in the 1950’s made it possible for food utilization of
cottonseed (Lawhon, Cater, et al., 1970, Lusas and Jividen, 1987). However, there are only few publications in the
formulation of cottonseed products such as edible nuts, brownies, cookies and a component in corn tortilla, and
these products have not been fully evaluated (Cherry and Berardi, 1982, Plating and Cherry, 1979). Recently, the
use of modern genetic modification technologies has enabled several new glandless and low-gossypol cotton lines to
be made (Alam, Watanabe, et al., Zhang and Wedegaertner, 2021, Zhang, Wedegaertner, et al., 2016). Exploration
of these cottonseeds as food products would greatly enhance the economic impacts of these new cotton lines. Thus,
this work attempted to gather the basic information and manufacturing parameters for peanut butter-like products so
that relevant experiments on optimization and characterization of cottonseed butter can be designed and performed
later. These butter-like products were characterized for selected rheological, textural, and physical properties
through both in-house instrumentation and outside collaboration.

Materials and Methods

The Gl cottonseed of NuMex series was provided by Cotton, Inc. (Cary, NC, USA). The selected chemical
composition of the Gl kernels is listed in Table 1 together with a comparison of the glanded (Gd) kernels. These
seeds were dehulled mechanically by cracking with a 20.32-cm plate mill and then separated with a vibratory
shaker. The kernel products were further cleaned by passing the material through a laboratory aspirator to remove
the non-kernel material. These GI kernels were used as the base material (70.0, 75.0, and 80.0%) to produce peanut
butter-like spread formulations. Cottonseed oil (11.8, 16.8%, and 21.8%), cane sugar (7.5%), and table salt (0.7%)
were the other three ingredients used in the formulation.. The Gl kernels were first roasted in a convection oven
(Thermo Scientific Precision Compact Ovens, Waltham, MA) at 140 or 150 °C for a given time (15 or 30 min). The
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roasted kernels were ground with Waring Commercial Blender (Model WF2211214, Torrington CT) at a high speed
for 3 min, then mixed thoroughly with the three additives by a spatula. The mixture was then passed through a
Smokehouse meat grinder with a 4-mm hole plate (Buchanan Dam, TX). The extruded products were then visually
examined, collected, and kept at 4 °C until analysis.

The butter (oil) stability was determined by accelerated oil separation rates (Shahidi-Noghabi, Naji-Tabasi, et al.,
2019, Tanti, Barbut, et al., 2016). The tested butter products (5.000 g each) were put into capped 50-mL centrifuge
tubes and kept at room temperature (22 °C). After storage for a given time, the butter tubes were centrifuged at 1258
g for 10 min at 22 °C. Surface oil was removed after centrifugation and the percent loss was calculated below:

Oil separation content (%) = Oil separated after centrifugation (g)/5.000 (g) x 100

For scanning electron microscopy (SEM), oil in the butter products was first removed by hexane extraction to
reduce its possible interferences in the SEM imaging process (Norazatul Hanim, Chin, et al., 2016). During analysis,
a thin layer of the de-oiled butter sample was gently attached to an 8§ mm x 12 mm double-sided sticky carbon tape
on an aluminum stud. The butter sample was coated with 3-nm thickness of carbon using Cressington 208HR sputter
coater. The samples were observed and imaged with a Hitachi S-4800 Field Emission Scanning Electron
Microscope (Hitachi, Japan), operating at 3kV (He, Nam, et al., 2021). For non-deoiled butter samples, the Gatan
Alto 2500 cryogenic system and the Hitachi S-4800 field emission SEM were used in acquiring cryogenic SEM
images. A 5-ul cream sample was loaded to a sample holding device, a 3-mm diameter cylinder, and formed a
crown-like cap on the top of the cylinder. The sample was plunged into a cup of slushed liquid nitrogen and
vitrified. A fracture surface of the sample was acquired at -130 °C, sublimed 5 minutes at -95 °C, and coated with
Pd/Pt alloy at -130 °C. The fracture surface was observed at 3 kV at -130 °C.

Table 1. Selected chemical components of Gd and Gl cottonseed kernels. ADF, acid detergent fiber. ADL, acid
detergent lignin. Adapted from He, Nam, et al. (2022).

Major component (g kg!)

Moisture Gossypol Oil Protein ADF ADL Starch
Gd 679 3.75 387 397 100 52.3 12.2
Gl 683 0.06 350 421 109 67.8 16.6
Macro element (g kg™

P Ca K Mg Na S Ash
Gd 9.8 2.0 12.0 5.4 0.6 4.5 46.7
Gl 115 2.3 12.8 6.1 0.6 4.9 47.9
Trace element (mg kg!)

Fe Zn Cu Mn B Ni Al
Gd 104 70.5 18.1 12.9 13.8 1.9 91.6
Gl 111 743 19.0 13.3 14.2 2.1 109.8

Results and Discussion

The data in Table 1 indicate that the chemical components of the Gl kernels were basically at the same levels as
those of the Gd kernels with the exception of having much less gossypol content in Gl kernels. Indeed, the gossypol
content in Gl kernels (60 mg per kg) was lower than the FDA’s criteria of 450 ppm gossypol that is allowed for use
as food products (He, Nam, et al., 2022).

Preliminary butter making trials were conducted at three levels of Gl kernels (70.0, 75.0, and 80.0%), three levels of
oil (11.8, 16.8%, and 21.8%), and fixed levels of sugar (7.5%) and salt (0.7%). Visual examination of the products
indicated that the mixture of 75.0% cottonseed kernels and 16.8% oil possessed a more appealing peanut-like
appearance and textural characteristics. Thus, this formulation was adopted to produce more cottonseed butter-like
samples for its structural and textural evaluation.

The two butter products of optimal formulation with cottonseed kernels roasted at 150 °C for 15 and 30 min were
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examined by scanning electronic microcopy (Fig. 1). Differences in the Cryo-SEM images of the two products were
observed. The morphology of the butter product with 15-min roasting time (i.e., B15-c) was more like a rough
sponge structure filled with many tiny particles. In contrast, the surface of the butter sample with 30-min roasting
(B30-c) was smoother, and those tiny particles were distributed more evenly on the surface. The images of the two
de-oiled butter samples (B15-d and B30-d) looked more similar to each other. The microstructures of both de-oiled
butter products contained spherical, ellipsoidal, and flat particles. Those observations indicated that roasting time
seems to have more impact on the oil-related morphology of the cottonseed butter products. In addition, the SEM
images also revealed that the morphology of the two butter-like products of cottonseed was not as smooth as that of
peanut butter by comparison with the relevant SEM images in the literature (Norazatul Hanim, Chin, et al., 2016,
Tanti, Barbut, et al., 2016).
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Fig. 1. SEM images of cottonseed butter products with 15- (B15) and 30-min (B30) kernel roasting at 150 °C.
Suffixes “c” and “d” indicate “cryo-SEM” and “de-oiled” samples, respectively. Bar distance is 50 and 10 um,
respectively, for upper and lower rows.

The stability of the cottonseed butter products was evaluated by oil separation during the storage of the butter
products at room temperature over 49 days (Fig. 2). Similar to the oil loss of walnut butter (Norazatul Hanim, Chin,
et al., 2016), the oil loss of the cottonseed butter fluctuated with storage time, but with a general trend of increasing
oil loss with increasing storage times. The longer roasting duration of cottonseed kernels resulted in more oil loss
from the butter during storage. The maximal oil loss during the storage was 1.6% and 2.9% of the total butter
weight, respectively, for B15 and B30 samples. Even so, the oil loss was less than that of peanut butter (around
5.4%) (Lima, Guraya, et al., 2000) and walnut butter (around 20%) (Norazatul Hanim, Chin, et al., 2016). Thus,
stabilizer additives would not be required for formulation of the cottonseed butter under current preparation
conditions.
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Fig. 2. Changes in the rate of oil separation from the cottonseed butters during 49 days of storage at room
temperature (25 °C). B15 and B30, kernels were roasted at 150 °C for 15 and 30 min, respectively. Data are
presented as averages with standard deviation bars (n=3).

Summary

Glandless cottonseed kernels could be used to make peanut butter-like food products. An initial workable
formulation included 75.0% roasted cottonseed kernels, 16.8% cottonseed oil, 7.5% sugar and 0.7% salt.
Microstructural analysis revealed that the butter product with a longer (30 min) roasting time possessed a smoother
surface than the products with a shorter (15 min) time. On the other hand, the butter product with 30-min roasting
duration showed a higher oil separation rate (up to 2.9%) than the product with 15-min roasting (1.6%).
Nonetheless, the oil separation during storage of both cottonseed products was lower than those of peanut butter and
walnut butter as reported in the literature, indicating higher butter stability of the cottonseed products. The
evaluation of the textural properties (e. g., hardness and spreadability) of the cottonseed butters is under way.
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