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Development of Alternative Ham Using Plant-based Material with High Protein Content
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ABSTRACT

This was a basic research study conducted to develop plant-based ham that could replace the existing commercially avail-
able animal ham for the meat substitute market. The protein and carbohydrate contents of the developed ham analog (DHA)
were higher than the commercial vegetable ham (CVH) available in the market. The essential amino acid of DHA was 37.23%,
which was similar to that of commercially available ham. Among the essential amino acids, the leucine level was the highest
in DHA and CVH, and meat ham (MH) had the highest levels of lysine. Among the non-essential amino acids, DHA, CVH
and MH had the highest levels of glutamic acid. Brightness (L) was higher in MH, redness (a) was higher in DHA, and
yellowness (b) was higher in CVH. MH had the highest hardness, and the cohesiveness and elasticity of DHA tended to be
higher than that of MH. DHA exhibited increased fat rancidity and protein deterioration over time. DHA ranked significantly
higher with respect to color, appearance, odor, taste, texture, and overall acceptability compared to CVH. The manufacturing
method of the alternative ham developed in this study provides a scientific alternative meat formulation without a nutritionally
significant difference compared to commercially available animal ham. Thus, these study results provide good basic data for

research on alternative meat sources.

Key words: developed ham analogue, amino acid composition, colorimetric analysis, texture analysis
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Table 1. Recipe for making ham using high-protein de-
veloped meat analogue

Ingredients (%) Developed ham analogue

TSP 44.6
Starch 2.4
MBPC 44
Premix 9

Glutinous rice flour 3
Oil 6
Coconut oil 5
Sesame oil 1
Citrus flavor 0.1

Water 18.5

Albumin 3
Sausage flavor 0.6
Lecithin 0.3
Smoke flavor 0.5
Hydrated beetroot 1.6
Total 100

TSP: Textured soybean protein, MBPC: Mixed bean protein con-
centrate.
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TVP is immersed in distilled

water for 2 hours and then [ Immersion

dehydrated

[ Material mixing ]

Grind with a mixer and
then mix

Put the dough into the ham
mold and shape it

Molding

Put it in a steamer and

] keep it at 80~100°C for 1
hour

[ Cooling ]

Fig. 1. Schematic diagram of making developed meat analogue.
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FaHA F(The
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Pocheon, Korea) 3.5%, Z1# 23}o] ~(Sanglok Food Industry,
Paju, Korea) 0.4%, ©}2HH]o} 7] (Nexira, Rouen, France) 2.1%,
s =FA] Z2d wE AEZ 2 (Lotte Finechemical, Ulsan,
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Korea) 4.9%%5 =315 T3t ZHxE AZ3AT
(Table 2). 3 AZE 93lo] 100% 7102 & 18.5%, oY
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(Es Food, Gunpo, Korea) 0.1%, &M A]EKEs Food, Gunpo,
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5. Smoking material

Fig. 2. Developed meat analogue making process.

A 3 FAe) -
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SIMEEEY 2 mLE 7heta 5745 9 v JI"skith
Aeo s Wt & FFoRRE Feld ol ASE(Isooc-
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Injector Temp©] 2307, Detector Temp©] 250C, Flow rate®|
1.5 mL/min, Instrument®] GC-FIDC(Agilent Technologies
7890A gas chromatograph, Palo Alto, CA, USA)Z 273}
}\}\Iil‘-
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uLel  buffer(14 mM NaHAc+0.1% Triethylamine +6%
CHiCN; pH 6.1)° =91 & =1 ¥ 10 pLE #3slaL, RP-

HPLC(Waters 510, Milford, MA, USA)°l| =3t #4181
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Table 2. Premix manufacturing method

Premix (%)
Gluten 353

Smoke flavor powder 14
Salt 12.2

Sugar 8

Garlic powder 6.2

Onion powder 4.9
Shiitake mushroom powder 35
Kelp powder 35

Ginger powder 0.4

Gum arabic 2.1
Hydroxy-propyl-methylcellulose 2.1
Phosphate myeongshin NO. 30 2.1
Pepper 0.3

Mcnut 0.4

Sahmyook seasoning 4.9
Garlic flavor powder 0.1
Total 100

t}. Waters Pico-tag column(3.9 x 300 mm, 4.0 um)= ©]-&
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i 2 o

AT 140 mM sodium acetate(6% acetonitrile)?] 1L, v
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Z 2] (Nutrient agar: peptone 5.0 g, beef extract 3.0 g, agar
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Q1 7] Z %= (Overall acceptability) S
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7t Alme] 8 57d0 gk HAN= CATA(check all that
apply) 7IH< o] &3t Yepllon, 2+ 55 Horita CN
F(2017)0] AFellA BARE qo] oj¥h vt 3 g2l S 5
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3. SAIMe|
A £7e] Aol B 4 B4 9 Belse 54
of gt A& A}E= SPSS(Statistical Package for Social
Science, version 23.0) T2 1S o] &3lo] 7z} A5l g
MeantS.D.2 UEMTL A& 7t Ao]EA-& dAux]
F2HEA (one-way ANOVA)S A3 a1, AF-7 52 Dun-
can’s multiple range testE ©|-83l] <% X}o](p<0.001,
p<0.052 HZs19c)

&l
S b 2 AR Fig. 332} 2o} A A2
2l gle] A& DHASH CVH7} zhol7} 9lQit). 3714 257 &

AW T Table 337 2t} % E(L)= MH(52.03+0.25), DHA
(48.94+0.93), CVH(45.32£0.99)9] M2 &30 1 (p<0.05),
A (a)= DHA(8.31+0.46), CVH(6.97+0.08), MH(2.49+
0.03)9] THE EUTHp<0.001). B =(b)E CVH(17.53+
0.18)°] MH(15.81+0.02) 2 DHA(9.50+0.22) .t} f-2]A o =2
FA e THp<0.001).
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DHA

CVH

Fig. 3. Cross-section observation and appearance photos of three types of ham.
DHA: Developed ham analogue, CVH: Commercial vegetable ham, MH: Meat ham.

Table 3. Hunter’s color values in three types of ham

DHA CVH MH

L (lightness) 48.94+0.93°"2  4532+0.99°  52.03+£0.25
a (redness) 8.31£0.46™  6.97+0.08° 2.49+0.03°

b (yellowness)  9.50+£0.22°Y  17.53+0.18"  15.81+0.02°

) Mean+S.D.

? 3¢ Means in a row by different superscripts are significantly
different at the p<0.05 by Duncan’s multiple range test.

? Level of significance: p<0.001.

DHA: Developed ham analogue, CVH: Commercial vegetable

ham, MH: Meat ham.

2. ZE|EAE

Rk o] ool o) & EL oF 8.00+0.01%%A

g

HHEE AN &), 7H g 2oks 7k A 39
B MRt 5 XS EC] ST e
g 2of HrhrdA etz Hla) Xl
woktkn B sk thKim EH 2016). si#]1271¢] 7
EdEo] AT HAlolA 7] wiEe] ST b
e Adelttn BaetithKim GW & Kim HY
2020).

3. YutdE A X|UME

37K F7 o] AR B AR 4] A= Table
4o A|AeHATE. DHAS] Tl $HeK(19.30+0.10%)> CVH
(11.20£0.10)2F MH(13.00£0.10%) 2t} F-2l8HA E=3hthp<
0.05). A% 3HFe MH(23.00+£0.10%) > CVH(19.40+0.10%)
> DHA(13.20£0.10%)2] =M &2 =JTHp<0.05). & e
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Table 4. Proximate composition and fatty acid composition in three types of ham

Three types of hem

Composition
DHA CVH MH
General ingredients
Energy (Kcal/100 g) 242.80+0.10°"? 272.60+0.10° 271.40+0.10°
Moisture (%) 50.7020.10 51.400.10 55.5020.10
Protein (%) 19.30+0.10° 11.20£0.10° 13.00£0.10°
Fat (%) 13.20+0.10° 19.40+0.10° 23.000.10°
Ash (%) 2.80+0.10 2.00+0.10 2.8020.10
Carbohydrate (%) 14.000.10° 16.00£0.10° 5.7020.10°
Fatty acid composition (g/100 g)
Trans fat 0.03+0.01° 0.09+0.01° 0.14+0.01°
Saturated fat 5.10£0.01° 2.70£0.01° 7.60£0.01°
Cholesterol - - 49.19+0.01
D Mean+S.D.

2 27¢ Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
DHA: Developed ham analogue, CVH: Commercial vegetable ham, MH: Meat ham.
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Table 5. Essential amino acid and non-essential amino acid composition in three types of ham

Three types of hem

Variety (mg/100 g)

DHA CVH MH
Essential amino acid
Threonine 699.40+0.10°"% 411.40£0.10° 577.50+0.10
Valine 802.6020.10° 479.70+0.10° 519.500.10°
Methionine 523.300.10° 417.50+0.10° 620.90+0.10°
Isoleucine 726.600.10° 407.80+0.10° 458.700.10°
Leucine 1,419.90+0.10° 799.40+0.10° 960.90:0.10°
Phenylalanine 984.700.10° 575.600.10° 561.400.10°
Lysine 1,011.80£0.10° 518.100.10° 1,051.90+0.10%
Histidine 447.90+0.10° 256.80+0.10° 482.50£0.10°

Non-essential amino acid

Aspartic acid 1,774.20+£0.10"

Serine 1,047.20+0.10°

Glutamic acid 4,776.00+0.10°

Proline 869.50+0.10"
Glycine 710.60+0.10°
Alanine 785.00+0.10°
Tyrosine 565.20+0.10°
Arginine 1,148.80+0.10"

1,042.80+0.10° 1,224.60+0.10

626.70+0.10° 570.800.10°
2,268.60+0.10° 2,205.50+0.1°
504.90+0.10° 463.70+0.10
405.20+0.10° 710.20+0.10°
486.50:£0.10° 752.00+0.10°
308.70+0.10° 373.500.10°
533.000.10° 821.300.10°

Total amino acid 18,282.70+0.10

10,042.70+0.10 12,354.90+0.10

D Mean+S.D.

2 27¢ Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
DHA: Developed ham analogue, CVH: Commercial vegetable ham, MH: Meat ham.
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Table 6. Texture profile analysis in three types of ham
DHA CVH MH

Hardness (g) 48,569+8,453 44,493+8,912 74,622+517
Adhesiveness (gs) —16.62+7.00""? —12.11+7.19° —289.51+105.76°
Springiness (mm) 0.56+.025° 0.76+.11° 0.93+.055°
Cohesiveness (g/s) 6.54+2.25 8.77+2.73 2.04+.40
Gumminess (g/s) 281,611447,719° 342,536+45,087" 148,721+20,515°

Chewiness (g) 158,617+2,480 268,334+66,056 141,169+25,935

Resilience (g) 0.430.03° 0.4120.02° 0.3120.00°

D Mean+S.D.

2 2™ Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.
DHA: Developed ham analogue, CVH: Commercial vegetable ham, MH: Meat ham.

0 week 1 week

2 week 3 week 4 week

?l;fgg:;g = o'"“ (21|

General bacteria
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©y Y ok B € 5

Fig. 4. General bacteria, Escherichia coli, and mold detection test of the developed ham analogue. Colonies of general
bacteria, Escherichia coli, and mold were not observed for 4 weeks (0.0 x 10' cfu/mL(g)).
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Fig. 5. Change of pH, VBN, and TBARS of developed ham analogue for 4 weeks.

" Significant at p<0.05 by Duncan’s multiple range test.
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Fig. 6. Sensory acceptance of three types of ham.
DHA: Developed ham analogue, CVH: Commercial vegetable
ham, MH: Meat ham.
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Table 7. Sensory properties in three types of ham
Sensory attribute DHA CVH MH

Color 5.00+1.09*V? 3.90+1.57° 5.72+1.10°

Appearance 5.54+1.12% 4.27+1.34° 5.63+0.92°

Odor 5.81+0.75% 3.36£1.62° 5.00+1.37°

Taste 5.81+0.98% 3.45+1.29° 5.63+1.43°

Texture 6.00+0.89" 4.63+1.43° 5.00+1.48°

Overall acceptability 5.81+0.75% 3.72+1.19° 5.45+1.03°

D Mean+S.D.

? 27 Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range test.

3 Level of significance: p<0.001.

DHA: Developed ham analogue, CVH: Commercial vegetable ham, MH: Meat ham.
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