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Abstract

This study investigated the sensory attributes of Satsuma mandarins to provide basic data for the establishment
of a quality grade establishment of mandarins. Samples of the mandarins in different sizes (small, medium, and
large) were collected via organic green house cultivation, conventional cultivation without pesticides and conventional
cultivation in Jeju Island. Eight trained panels performed the triplicate measurements. From the results of the quantitative
descriptive analysis, mandarin samples were selected with five types of appearances (gloss intensity, color intensity,
peel width, damage degree, and peel texture), three types of odors (sour, sweet, fresh), six types of tastes (sour,
sweet, bitter, fresh, tasteless, and off flavor) four types of texture (hardness, granule toughness, juicy, and tough
feel), and three types of after-tastes (sour, sweet, and bitter). The results of the analysis of the quality characteristics
of the samples showed that their, pH, total acidity and solids contents differed depending on the size of the samples
more than their cultivation methods. The correlation coefficients between the quality properties of the mandarins
showed that their, sample size was positively correlated with their peel width and toughness. Moreover, the soluble
solid of sample was positively correlated with its color intensity, sweet and fresh orange flavor. However, soluble
solid content of the samples was negatively coreelated with their bitter flavor, tastelessness, and off flavor. In the
principal component analysis of the sensory attributes data, PC1 represented the soluble solid, gross intensity, orange
color, sour and sweet odor, unique mandarin flavor (sweet and, fresh orange), etc., and PC2 (26.77%) the size,

pH, sample acidity, and peel texture.
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Table 1. Sensory attributes, definitions, and physical standards of Satsuma mandarin.

Standard reference

Attributes Witten definition -
Low score (0) High score (15)
Gloss intensity ~ Gross degree of sample peel Matt Gloss of color chart
Color intensity ~ Intensity of Mandarin color = e e = W o
APDICE. o of peel Width o sample pee 05-L5 mm of peel with 535 mm of peel width
Damage degree ~ Damage degree of sample peel No damage of peel >25% damage of peel
Texture of peel ~ Smooth or rough feel degree of sample peel surface No physical standards
Sour Sour odor Distilled water 10% (wjw) citric acid solution
Odor  Sweet The odor associated with fructose syrup Distilled water 10% (wjw) fructose solution
Fresh orange Unique smell of fresh sample Distilled water Fresh mandarin harvest
Sour Fundamental taste of citric acid Distilled water 02% (wjw) citric acid solution
Sweet Fundamental taste of which fructose is typical Distilled water 5% (wjw) fructose solution
T bitter Fundamental taste of which caffeine is typical Distilled water 0.05% (wjw) caffeine solution
Fresh orange Unique taste of fresh mandarin without off flavor and taste Distilled water Fresh mandarin (within a week after harvest)
Tasteless Weak taste of typical sample taste Mixture solution of mendarin juice and water (1:4) 100% mandarin juice
Off flavor Other flavor of typical sample taste No standards
Hardness Force required to chew sample (fruit) between molar teeth No standards
Toxte Granule toughness  Force required to chew sample (fruit) granule between molar teeth  No standards
Juicy The amount of juice extracted to chew the sample fruit (four times) No standards
Tough feel The amount of pulp left to chew the sample fruit (10 times) No standards
Sour Fundamental taste of citric acid Distilled water 02% (wjw) citric acid solution
After taste  Sweet Fundamental taste of which fructose is typical Distilled water 5% (wjw) fructose solution
Bitter Fundamental taste of which caffeine is typical Distilled water 0.05% (wjw) caffeine solution
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Table 2. Quality properties and sensory evaluation of Satsuma mandarin.

Samle Cultivation method” 0CIG CCWP 0CIG CCWP 0CIG CCWP Control
Size Small Small Medium Medium Large Large Midium
Size 504416507  4996:600°  95.8713.02°  82.07:8.79%  158.67+2005°  191¥2599"  80.38:543%
(66.17+1445)  (52.50+10.84)  (98.00¢10.62)  (89.0810.76) (149.331624) (168.50:19.11)  (79.86+6.32)
Soluble ~ solid 12312098  15074201°  1243065°  1422:1.19°  11.08:054°  1387+122°  1491:0.79"
Qualty properties g 384018 424013 4142008 427:003  431:008 434000 4064018
Acidity 0.6420.15" 0.55:0.09®  0.52:0.07" 0.51£0.09" 0.46+0.08° 054:0.19°  0.5620.12
SS/acidity 26844036%  2576+047°  27.64+0.16°  27.23+032°  2396%0.14°  24.10t034°  19.25+0.26"
Sensory attribute
Gloss intensity 6.18+2.84° 8.0142.96" 691274 787£2.93°  737+285°  7.84%239°  8.62£2.33°
Color intensity 471£2.12° 0.4742.46" 4.94+1.98° 9.2242.18" 5.96£2.38° 8.8542.09" 8461239
Appearance Peel width 5934243%  4.6623.14° 8.10:2.63° 6.45£3.49° 850:2.80°  1034:278"  5.80£1.87°
Damage degree 1.70£1.01° 6.94+4.09° 191£1.89° 6.35£3.11° 2258201 5.51£332° 193£1.78°
Texture of peel 301207 6.583.5T° 3.66+2.63 7.15£2.73" 4324239 7.38+323" 365+1.74°
Sour 53643.55 6.33+4.01° 5.93+3.06° 6.97+3.49" 621£3.15" 6.23334° 7.822.50"
Odor Sweet 6.71+2.88° 7.0842.92° 5.63+2.3T" 7.00+3.07° 6.013.18" 74643 44° 6.77+2.98"
Fresh 7.19+2.94° 6.93+3.63" 5.54+3.14° 7734335 707333 6.99+3.11° 7754327
Sour 764331 5.78+344° 72742.95 5.832.88" 576298°  6.89+3.93" 845+3.17°
Sweet 4.92£229° 8.78+2.68" 479£2.70° 71734352 4764323 8.77+2.82° 9.17£2.40°
- Bitter 4224335° 2.8142.36" 3.89+2.67" 3.17+2.65" 3584331 2.88+2.08" 2712251
Fresh 4.982.92° 5.30£3.28" 4.15:2.69" 5.6313.12° 389293 571£2.74° 743£3.06"
Tasteless 6.02:+4,03" 3591299 5513315 3.80£2.70° 7.53+348" 3.17£2.78" 1.86£1.90°
Off flavor 400£316° 289250 4524317 214:185 3624274 239:167° 1861154
Hardness 7.082.78" 7.35+3.30° 6.96£2.28" 7.45:2.60° 7.5412,03" 7.362.82° 6.8413,55"
Texture Toughness of granule 7.35+2.23" 8.01+321° 7984227 823248 7.68+2.11° 7.99+2.26" 8.6411.90°
Juiciness 7.29+2.64° 7.832.55 8.06+2.70" 8.02+2.32" 7.502.67° 9.33+1.62° 9.13+1.94°
Tough feel 493273 4661321 686:308° 6042315  8.12:2.66° 77544.11° 4.14£1.95"
Sour 6.00£378" 4703450 524308 3648266  4061325°  451£324% 613378
After taste Sweet 295£1.72° 6.69£3.26" 3234198 5.60£3.61° 265209 6273 68" 6.503,03"
Bitter 4.46+3.56" 3652.83° 3.61£2.43° 371£3.10° 4112327 3.83£281° 3.45£2,05°

YoCIG, organic cultivation in greenhouse; CCWP, Conventional cultivation without pesticides; CC, conventional cultivation.

’The means<SD in each column followed by the same letter do not significantly

Ao §7% 22 AuA Z(OCIG)E 5.63+2.37~6.71+
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6.77+2.98= H7}stl ot FAA R = Aol 7t ATk
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42 EEAEMZIe A4TEA { SHEY A= o4 Zpo] & HolA| eghrt. Wi ©ik| =
A BE 2] F2 54 5 de3 BAF 549 b, A oA Bt Fmle] wutat 1% o] ol A
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8 A IS e W de 2] = 1% 7ol FFe 5o FauAE et #5 54 3=
oA el GEBATE U ol& Hd =717} S A AA FWe By A A AE, A Tl $r) 9
of wet Ao 77, pH, A=, 7HA R R e 19 ket el FHEAS B, 28 AR L oln| ek
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WAool et e 4 S FoARl S4E B = W de 2o I 4o dadAE BAx, A
ojA] Ut nFF TS G, g Bl A A, ket om| o} Sof FEAdS Al ) k]
ot A S st B G780l A, & $1e} 1% = UeEhligleh &, & Ao e =9 o|sled F43
frol oA el FHBAIE e v &l AR H5A 4 54T AR 23 LAt dSsts
g, ol ek 5o FHEAE VRt 2] pHe B FA 2 duty} Alubo] ol 7ha o] Bt Al EE
A E4% B0 A5 1% fo) $EoA g9 AVWAS  J1F0R RS 0 Tel] A9 AT Y B
Hela, A Fule] Ans ge) AUIAE when, 54 FEe 39 TAd g Fol ¥ Wze) oz
Table 3. Correlation coefficients between the quality properties of the Satsuma mandarins in Cheju
Quality properties Appearance Odor Taste Texture After taste
Vbl S SSCpH Addly aas.gj/ty m m e Egg T Sou St Fish S Swet Bt Fish ks m&mﬁé hiy % S Soet it
Size 100
Soluble solid i 029 1.00
p%ﬁgﬁ oH 061 009 100
Acidity 045 04 087 100
Sacidity 050 092% -030 056 100
Gloss intensity : 011 074 053 035 051: L0
Color intensity : 007 085* 053 017 061 : 086* 100
Appearance : Peel width 094 045 051 043 063 011 017 100
Damage degree : 005 062 05 017 037 045 082% 011 100
Texture 034 051 070 031 021:049 081* 019 095* 100
Sour 008 063 028 02 050 :089% 065 023 015 018 100
Odor ~: Sweet 013 069 011 035 06304 077* 011 069 069 : 025 100
Fresh 009 040 -003 014 041:047 054 03 024 023 05 063 100
Sour 013 011 -066 060 037:-005 030 006 065 -062:019 007 000: 100
Sweet 004 093* 030 008 078% 086* 093* 020 063 062 : 068 079¢ 051: 006 100
Tte Biter 017 081% -053 023 038 :-096% 093 009 060 -063:076* 062 045 010 -09%4 100
Fresh 015 080* -014 035 083 070 063 032 016 015:077* 062 065: 052 08 069 100
Tasteless 009 09%4* 008 024 -087%:076* 077% 023 043 042: 071 066 039:-035 093 081 090 100
Off flavor 012 076% -034 007 061 :-086% 089 013 052 -057:081 075 -078%: 001 -089 087 -083* 081 100
Hardness 040 018 067 054 043:005 031 027 060 066:-019 02 0210:091% 001 013 042 033 -013: 100
Tt Granule toughness © 060 082* 019 027 086: 062 062 073 029 014:075 044 062:023 068 057 08* 076+ 070032 100
Juicy 048 0356 032 005 042:068 05 037 017 034:060 045 017:042 072 070 070 079 -066:028 028 100
Tough feel 083 062 064 067 08* 021 023 09%0* 001 024 034 028 038:-043 040 020 063 052 028 056 -082* 002 100
Sour 039 007 085 076+ 040 : 021 040 034 064 -074:-003 013 007:08%* 005 023 036 -018 019 :-08% 021 010 -061: 100
After tste Sweet 002 09%* 030 008 080%: 084* 093 023 068 065 : 065 077 043: 002 09 092% 078 -093* 085%: 001 069 069 -041:-008 100
Bitter 016 064 010 009 059:079% 047 024 004 004089 008 022:-046 063 067 076* 075 059 : 054 069 067 045:030 061 10

*significant at p=0.01.
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Variables (axes F1 and F2: 75.16 %)
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Fig. 1. Analysis of the principal components of the quality properties and sensory attributes of Satsuma mandarins.
(A,2) appearance; (O, [J), odor; (TA, M), taste; (T, W), texture; (AT, @), after taste.

OCIG (S;M,L), organic cultivation in greenhouse (size); CCWP (S,M,L), conventional cultivation without pesticides (size); CC, conventional cultivation.
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Fig. 2. Dendrogram of Satsma mandarins via. agglomerative hierarchical clustering (AHC) based on the quality properties and sensory

attributes of Satsuma mandarin.
OCIG (SM,L), organic cultivation in greenhouse(size); CCWP (SM,L), conventional cultivation without pesticides(size); CC-M, conventional cultivation.
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