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ABSTRACT 

Nondairy coffee whiteners were prepared on a pilot scale using four 
different glandless cottonseed protein isolates prepared by different 
processes. Bulk density, whitening capacity, cream separation and 
oil retention capacity of the whiteners were compared to those 
formulated with sodium caseinate and a commercial whitener. 
Glandless cottonseed protein isolates, prepared by conventional and 
aqueous extraction processes, are poor ingredients for coffee whit- 
ener production, showing poor whitening capacity, separation of 
proteins through sedimentation and separation of fat as a cream 
layer in a mixture with aqueous coffee. Succinylated cottonseed 
proteins showed many markedly improved characteristics as coffee 
whiteners. Ca. 50% replacement of sodium caseinate with succinyl- 
ated cottonseed protein isolate did not affect the quality of whit- 
eners compared to that of 100% sodium caseinate-based whitener. 

INTRODUCTION 

Coffee whiteners are one of  the fastest growing food prod- 
ucts on the market  today.  Nondairy powdered whiteners 
especially have been accepted by consumers for several 
reasons, such as economy,  ease of handling, improved shelf 
life and the preference of consumers for vegetable products.  

I t  is impor tant  that coffee whiteners have the develop- 
ment  of a desirable color change through formation of a 
complex between their protein and the so-called "caffetan- 
nie acids", and have desirable cream-like flavor without  
"feathering" in the hot  coffee (1). In addition, they need 
rapid dispersibility in hot  coffee. The primary function of  
protein in these products  is to provide emulsification and 
some whitening power,  and to improve flavor by contribut-  
ing a flavor of their own and by reducing the acridity of  the 
tannic acids (2). Good quality whiteners are obtained by 
using sodium caseinate at 1.5-3.0% of  total whitener ingre- 
dients. Some vegetable protein products yield less stable 
emulsions than caseinate, particularly with respect to syn- 
eresis. Emulsion stability of the protein can be affected by 
many factors (3) including processing methods.  

In this study,  powdered coffee whiteners were formu- 
lated with cottonseed protein isolates prepared by various 
processes. The feasibility of using the resulting protein 
isolates for ingredients of a coffee whitener was investigated 
by replacing sodium caseinate with cottonseed proteins. 

EXPERIMENTAL PROCEDURES 

Five different types of  protein isolates used as starting 
protein sources are listed in Table I. All isolates, except  
commerical sodium caseinate, were prepared from glandless 
cottonseed kernels using our pi lot  plant facilities. The 
aqueous processed isolate was prepared from full-fat flour 
(4),  and the other isolates were prepared from hexane- 
defat ted flour. In all cases, protein extract ion was con- 
ducted at pH 10, and the protein was precipitated at pH 
4.5. M-I and M-II denote two protein isolates succinylated 
at 40% and 54% of  total  free amino groups of  cottonseed 
proteins, respectively. The succinylated cottonseed protein 
isolates were prepared by methods described by Choi et  al. 
(5). 

The formula used to prepare the nondairy coffee whit- 
eners is presented in Table II. Corn syrup solids (Prodex 

24D from American Maize Products),  emulsifiers (demo- 
dans and Panodan SD from Grinsted Co.), a fat  (Duromel 
from Durkee) and a stabilizer (carrageenan) were included 
in the formula. 

The procedure used to formulate coffee whiteners in the 
pi lot  p lant  is shown in Figure 1. All steps in the procedure 
are almost identical to current commercial practices, with 
omission of  instantization of the powder  after spray drying, 
which ensures fast wettabil i ty by increasing particle size. 
Since an instantizer was not  available, spray-dried whitener 
powder  were simply stored in glass containers until need 
for subsequent experiments.  Deionized water was used in 
this experiment  unless otherwise mentioned.  

Protein, fat and ash contents were determined by stan- 
dard AOAC methods (6). Bulk density of  whitener powders 
represents the ratio between weight and unit  volume 
(g/mL) of  the powder.  Sample powders were filled in 50 
mL cylinders with constant  tapping, and the weight of  50 
mL powder  was determined.  Particle size of  whiteners was 
determined by sieving and expressed as % wt passed through 
a 115 mesh sieve by constant  shaking in an Alpine Air Je t  
Sieve (200 lab type).  

Whiteness of  whitener powders was expressed as Hunter 

TABLE 1 

Preparation of Protein Isolates 

Isolate Procedures 

Aqueous 

Conventional 

M-I 

M-II 

Na-Caseinate 

Extraction of full-fat cottonseed flour at pH 10; 
precipitation at pH 4.5. 
Extraction of hexane-defatted cottonseed flour 
at pH 10; precipitation at pH 4.5. 
Extraction of defatted cottonseed flour with 
succinic anhydride at pH 10; precipitation at pH 
4.5. 
Same as M-I procedure, but at a higher succinic 
anhydride concentration. 
A commercial product. 

TABLE II 

Coffee Whitener Formula 

Ingredient Composition 

Protein isolate 6.00 
Solid corn syrup 26.80 
Fat a 16.00 
Emulsifier I b 0.60 
Emulsifier II c 0.20 
Carrageenan 0.25 
K2HPO 4 0.30 
Water, up to 100.00 

apartially hydrogenated soybean oil. 
bDimodans from Grinsted Company. 
Cpanodan SD from Grinsted Company. 
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Color Difference Meter "L" values. Whitening capacities of  
whiteners are also expressed as L-values of  coffee-whitener 
suspensions. The whitener (1.35 g) was added to 50 mL of 

Dissove K2HPO 4 in 40°C water 

Dissolve m'xture o protein isolate, corn syrup 
and carrageenan, heat to 80°C 

Melt fat, Dimodan S and Panodan SD, 
and heat to 8O°C 

Disperse the fat phase into the water phase 
- L  

Homogenize twice at 8~°C and 2OOkg/cm 2 (Gaulin 
Homogenizer) 

Inlet temp: 2OO°C F 
Spray drying ]---Outlet temp: 93°C 

L Feed rate: 38 I /hr 

FIG. 1. Flow~iagramfor preparation of coffee whiteners in pnot 
plants c ale operation. 

hot coffee (coffee/water:  0.75% w/v) and the color was 
measured immediately after mixing. The temperature of the 
coffee was about 85-90 C. 

Separation of the whitener in aqueous coffee was per- 
formed as foUows: the whitener (3.75 g: approximately 
one teaspoon) was suspended in 75 mL of hot  coffee 
(0.75% w/v) and suspension was transferred into a 100-mL 
cylinder immediately after mixing. Volumes of  cream and 
precipitation layers were determined after 13 min. Tem- 
perature during measurement was 80-85 C. 

Fat retention capacity of  the whiteners was determined 
by washing out 5 g whitener with 50 mL hexane in a 
Soxhlet extractor. The amount  of  fat was then determined 
by weighing the residue after evaporation of solvent. The 
degree of  fat retention was expressed as weight of  extracted 
fat from 5 g whitener. 

RESULTS AND DISCUSSION 

Selected chemical compositions and physical properties of  
the experimental coffee whiteners and a commercial prod- 
uct are shown in Table III. Relatively speaking, experi- 
mental coffee whiteners had higher protein and lower ash 
and sugar contents than the commerical product. No signifi- 

TABLE IH 

Composition and Physical Properties of Coffee Whiteners 

Composition (%) 

Protein source Protein Fat d Ash Sugar 

Physical properties 

Bulk Sieving e 
density test 
(g/mL) (%) 

Aqueous isolate 9.1 24.4 1.00 15.5 
Conventional isolate 9.8 25.8 1.38 11.9 
M-I Isolate a 9.4 21.1 1.37 12.2 
M-II Isolate b 9.4 13.9 2.02 11.9 
Na-Caseinate + M-II c 10.0 5.0 0.96 11.3 
Na-Caseinate 8.5 5.5 1.04 11.9 
Commercial whitener 2.8 1.4 2.55 14.9 

0.34 92 
0.38 93 
0.29 94 
0.29 97 
0.26 96 
0.26 97 
0.50 55 

a40% succinylated cottonseed protein isolate. 
b54% succinylated cottonseed protein isolate. 
c1:1 mixture, w/w. 
dHexane-extractable fat. 
e% wt passed through a 115 mesh sieve. 

TABLE IV 

Hunter "L" Values and Whitening Capacity of Coffee Whiteners a 

"L" Values 

After 
Protein source Powder In coffee e filtration f 

Loss of 
whiteness by 
filtration (%) 

Aqueous isolate 84.8 14.7 5.9 60 
Conventional isolate 84.9 14.4 9.2 35 
M-I Isolate b 87.0 22.5 16.5 26 
M-II Isolate c 85.6 24.7 21.6 13 
Na-Caseinate + M-II d 88.8 43.1 39.0 10 
Na-Caseinate 93.3 43.7 42.0 4 
Commercial whitener 92.0 42.0 33.0 21 
Black coffee 27.5 7.8 8.0 0 

aHunter "L" value of standard white: 94.2. 
b40% succinylated cottonseed protein isolate. 
c54% succinylated cottonseed protein isolate. 
d1:1 mixture, w/w. 
eWhitener (1.35g) in 50 mL coffee (0.75%, w/v). 
fFiltrate through Whatman no. 1 filter paper. 
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TABLE V 

Separation Test o f  Formulated Coffee Whiteners a 

Cream layer Precipitated 
Protein source (mL) protein layer (mL) 

Aqueous isolate 2 28 
Conventional isolate 3 24 
M-I Isolate b 7 0 
M-If Isolate c 6 0 
Na-Caseinate + M-If d 2 0 
Na-Caseinate 1 0 
Commercial whitener 1 0 

aWhitener (3.75g) was suspended in 75 mL of hot coffee (0.75%, 
w/v), and mixed. Cream and precipitation layer volumes were deter- 
mined after 13 rain. 
b40% suecinylated cottonseed protein isolate. 
c54% suceinylated cottonseed protein isolate. 
dl:l  mixture, w/w. 

0.16 
¢.9 

c~" 0.14 
uJ 
I -  
c )  

< 0.12 n~ 
I -  
X 
I.iJ 

OAC 

,, 0 .08  
0 

I -  
-r 0.06 
LtJ 

j 0 .04 

0 
0 .02  

A: AQUEOUS ISOLATE 
B: CONVENTIONAL ISOLATE 
C: M-I ISOLATE 
D: M-II ISOLATE 
E: NA-CASEINATE +M-II  
F: NA-CASEINATE 
G: COMMERCIAL PRODUCT 

D 

F 
G 

O ~ F  -'- i I I I 
0 I 2 3 4 

NUMBER OF EXTRACTION 

FIG. 2. Fat extractability o f  coffee whitener with hexane.  (5 g whit -  
ener was extracted with 50 mL hexane each time.)  

cant differences in protein, ash and sugar contents existed 
among experimental whiteners. However, considerable dif- 
ferences were found in the amount of hexane-extractable 
fat, indirectly indicating the extent of microencapsulation 
of fat droplets by protein films or levels of protein-fat bind- 
ing. Sodium caseinate showed good fat retention capacity. 
Oil retention capacities of whiteners were increased by 
formulating them with succinylated protein isolates. The 
higher the succinylation, the higher the fat retention capa- 
city. The 1:1 mixture of sodium caseinate and succinylated 
cottonseed protein isolate (M-II) resulted in oil retention 
capacity almost equal to that of sodium caseinate alone. 

The commercial whitener had a higher bulk density and 
bigger particle size than the experimental whiteners (Table 
liD. More than 90% of experimental whiteners consisted of 
particle sizes smaller than 115 mesh, while only 55% of the 
commercial whitener passed through the 115 mesh screen 

under the same operating conditions. There is little doubt 
that instantization of commercial products plays a major 
role in making these two physical properties markedly dif- 
ferent from those of experimental products, which were 
not instantized. 

Bulk densities of whiteners prepared with aqueous and 
conventional isolates were slightly higher than those of 
other experimental whiteners. However, no significant dif- 
ference in particle size was noticed among the experimental 
products, suggesting that a direct correlation between pro- 
tein sources and particle size o f  final products may not 
exist. In fact, denser particles can be produced by simple 
mechanical procedures such as instantization, regardless of 
protein sources. 

Table IV summarizes data on whiteness of coffee whit- 
ener powders and their whitening capacity in hot coffee. 
Whiteness is expressed as "L" values, compared to a stan- 
dard white plate with an "L" value of 94.2. Commercial 
and sodium caseinate-based coffee whiteners showed the 
highest "L" values, while the aqueous extraction and con- 
ventional isolate-based whiteners showed the lowest "L" 
values. When these whiteners were dispersed in hot coffee, 
(1.35 g [approximately one teaspoonful] whitener in 50 
mL (about one cup) of hot coffee containing 0.75% coffee) 
the sodium caseinate and sodium caseinate plus M-II based 
whiteners showed higher "L" values than commercial whit- 
ener. Unmodified isolate-based whiteners had the lowest 
"L" values, while the succinylated isolate-based whiteners 
had intermediate whiteness. The black coffee had an "L" 
value of 7.8. The fact that 50% replacement of sodium 
caseinate with modified cottonseed protein isolate (M-II) 
did not affect the whitening capacity may result in the 
manufacture of low-cost coffee whiteners and similar prod- 
ucts in the future. 

Filtration of coffee and whitener mixtures through 
Whatman no. 1 filter paper to remove suspended particles 
showed similar whitening properties to those of unfiltered 
mixtures, although overall whiteness had decreased depend- 
ing upon the source of protein. Reduction in whitening 
capacity through filtration was the highest for the aqueous- 
based whitener and lowest for the sodium caseinate-based 
whitener. The data presented in Table IV strongly suggest 
that coffee whiteners, with equal or better whitening capa- 
city than commercial whiteners, can be manufactured using 
succinylated cottonseed protein isolate. Data also suggest 
that the degree of protein modification plays a major role, 
i.e., the whitener which contained M-II (54% succinylated 
isolate) had better whitening capacity than the one contain- 
ing M-I (40% succinylated isolate and had lesser of the 
whitening capacity after filtration). In fact, considerably 
less loss of whitening capacity was observed than for the 
commercial product. 

Table V summarizes results from fat separation tests. If 
protein lacks good colloidal dispersibility and stability, the 
protein matrix formed through microencapsulation in 
aqueous systems, tends to separate from the aqueous phase 
forming precipitates at the bottom, and entrapped fat drop- 
lets rise to the top of the aqueous phase. Whiteners contain- 
ing aqueously extracted or conventionally isolated proteins 
separated into cream, aqueous and sedimentation layers 13 
min after mixing with hot coffee. All other whiteners did 
not show sedimentation under the same experimental con- 
ditions; however, whiteners containing succinylated protein 
developed moderate separation of cream, probably caused 
by floating of whitener particles because of the lack of in- 
stantization. The large number of sedimentation layers 
formed by whiteners containing unmodified isolates indi- 
cates poor colloidal dispersibility and stability of these 
proteins. 
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As discussed earlier, production of coffee whiteners 
involves microencapsulation of fat droplets  by a thin pro- 
tein film. Therefore, well encapsulated fat  should not  be 
easily extracted with organic solvents like hexane. On the 
other hand, poorly encapsulated fat, or simple mixtures of  
fat and protein without  binding, would be easily extracted 
with such solvents, indicating poor  fat retention capacity. 

Figure 2 shows the amount  of fat extracted from the 
whiteners by repeated washings with hexane. The whiteners 
containing unmodified protein isolate exhibited poor  fat 
retention capacity, while whiteners containing sodium 
caseinate and mixtures of  sodium caseinate and M-II isolate 
and commercial whitener showed high fat retention capa- 
cities. Clearly, modificat ion by succinylation made substan- 
tial improvement in fat retention capacities of glandless 
cottonseed proteins. Melnychun and Stapley reported that  
acylated proteins were suitable for use in coffee whitener 
formulation (7). 
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T COURSE 

DETERGENTS EIGHT-0 
Held September 14-17, 1980, Hotel Hershey & Country Club, Hershey, Pennsylvania (86 p., $10). 

Proceedings of four sessions: "What Constraints Do We Operate under? .... What Do We Have to Work with?" 
"How Do We Make a Technical Product?"  and "How Do We Make a Successful Consumer Product?" These topics 
were addressed by 23 contributors to the course. 

INDUSTRIAL FATTY ACIDS 
Held June 1@13, 1979, Tamiment Resort and Country Club, Tamiment, Pennsylvania (150 p., $12 for AOCS 
members and $15 for nonmembers). 

Thirty-eight papers constitute these proceedings. Topics include raw materials; hydrogenation; distillation; 
to]dcological, bacteriocidal,  and fungicidal properties; federal regulations; packaging; pollution control; analytical 
chemistry of fatty acids and their derivatives; and new applications. 

DETERGENTS IN THE CHANGING SCENE 
Held June 15-18, 1975, Hotel Hershey, Hershey, Pennsylvania (76 p., $6 for AOCS members and $8 for non- 
members). 

The volume includes 15 of the papers presented at the course. Topics include surfactant manufacture, raw 
materials, alcohol ethoxylates in laundry detergents, environmental acceptability and human safety. 

ORDER FROM: American Oil Chemists' Society, 508 South Sixth Street, Champaign, I L 61820. 
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