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Abstract

Proximate composition of whole hemp seed, paste viscosity of whole hemp seed pellets, bulk density, color, com-
pression force, water solubility and absorption index and bowl life of whole hemp seed flakes manufactured by
extrusion process were determined to evaluate whole hemp seed as flake additive. Extrusion process conditions were
35% of moisture content and 90, 100 and 110°C of barrel temperature. Content of moisture content, crude protein,
crude fat, crude ash from whole hemp seed were 5.671£0.02%, 25.931+0.16%, 28.211£0.56% and 7.7010.08%, respec-
tively. The pellets hemp seed at 100 or 110°C had higher paste viscosity as compared to those pellet at 90°C. The
bulk density values of all hemp seed flakes were between 0.24 to 0.43 g/mL, depending on the barrel temperatures.
The hardness of flake increased with decreasing percentage of hemp seed in flakes. An increase in barrel tempera-
ture from 90°C to 110°C resulted in increase of WSI and decrease of WAL The bowl life of hemp seed flakes was
increased from 5.8 to 15.5 min with the decrease in percentage of hemp seed. The highest overall quality was
showed in flake added with 20% of hemp seed.
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1. 1/2 Pitch screw
2. 2/3 Pitch screw

3. Forward paddle
4. Reverse screw element

L/D ratio : 24:1
p . 3.2 cm

Fig. 1. Screw configuration for hemp seed pellets process (Model THK 31T).
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Fig. 2. RVA temperature profile and pasting parameters.
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Table 1. Proximate composition of hemp seed unit (%)

Crude
protein

Hemp seed 5.6710.02" 25.93+0.16 28.21+0.56 7.70£0.08

YMeans of triplicatetstandard deviation

Moisture

Crude fat
content

Sample Crude ash

Table 2. Paste viscosity of pellets of hemp seed
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Extrusion process variables Added Paste viscosity (cp)
Moisture content (%)  Barrel temperature (°C) ~ hempseed (%) ~ PV”  TV?  BVY  FVY SvY PT®

0 117 87 30 402 315 7.67£0.00”

90 20 60 42 19 273 231 7.58%0.08

25 57 33 24 259 226 7.60%0.12

30 47 20 27 236 216 7.44%0.04

0 188 55 133 331 276 2.1620.10

35 100 20 32 16 16 230 214 7.51£0.27

25 27 12 15 211 199 7.38%0.14

30 29 7 22 206 199 7.49%0.10

0 517 12 505 254 242 2.5610.21

110 20 202 0 202 139 139 4.9110.32

25 218 0 218 170 170 5.51%£0.04

30 105 0 105 122 122 5.57+0.14

YPeak viscosity

ITrough viscosity

9Breakdown viscosity

YFinal viscosity

Setback viscosity

9Peak time

Means of triplicate+standard deviation
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Table 3. Characteristics of flakes of hemp seed
Extrusion process variables Color
Mo P Barrel ?ﬁfg Bulk density Hardness WSI WAI Bowl life
osture arre mL ) 2 3 cm’ % min
content (%) temperature (°C) seed (%) (g/mL) L a b (glem) ) @) (mmin)
0 0.431£0.07Y 84.74  -2.66 15.53 5618 29.62+2.80  4.70%0.19 -
9% 20 0.41%0.04 70.55 -1.12 17.18 3470 17.79£1.65 4.7240.18 -
25 0.41%0.10 60.50 -0.72 17.17 2856 23.55£3.33  4.84%0.10 -
30 0.38%0.02 59.11 -0.60 17.51 2068 25.05£1.21  4.3240.15 -
0 0.3240.01 82.12 -2.62 16.22 7414 28.22+1.14  5.00%0.11 15.5
35 100 20 0.37£0.03 58.43 -0.50 16.87 4175 23.26%1.20 5.3240.24 7.5
25 0.40+0.04 59.45 -0.14 16.77 2442 23.08%1.30  4.97+0.10 6.7
30 0.41%0.05 50.08 0.35 16.74 2277 18.8410.80  4.94+0.07 5.8
0 0.24%0.02 75.56  -2.82 13.36 7577 27.68+2.16  6.3240.40 -
110 20 0.38%0.03 61.13 -0.36 16.33 1613 18.68%£1.05  5.8710.46 -
25 0.38%0.06 62.87  -0.69 16.41 1855 18.44+0.72  6.18%0.21 -
30 0.33%0.03 59.86  -0.44 17.31 993 15.93+1.34 5.61+0.17 -
YLightness
PRedness
9Yellowness
“Means of triplicate+standard deviation
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Table 4. Sensory results of hemp seed flakes prepared in different adding hemp seed percentage

hem?dsiz((ii %) Nuttiness Crispiness Coarseness Hardness Color Overall quality
0 2.78+1.172Y 3.56+1.10° 2.94+0.73* 3.28+0.89° 1.56+0.78* 2.78+0.81*
20 3.67+0.91° 4.06£1.11° 3.17+0.86™ 3.06+0.87° 3.2240.81° 3.89+0.68°
25 3.50+0.79% 4.00£0.91° 3.33+0.97% 3.11£0.83° 3.56+0.70" 3.33+0.77°
30 2.8940.96® 3.61+1.09* 3.61+1.09° 3.22+0.87° 3.8340.99° 2.67+0.77*

YMeans followed by the same letter in column are not significantly different (p<0.05).

20, 25, 30%°1A4 MlE L% 90°CcY W) zHz} 17.79-29.62%%}
432-4.84, MiE2= 100°CY Wl Z}Z} 18.84-28.22%9} 4.94-
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